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ABSTRACT

An information survey including published litevature and personal
interviews with individuals knowledgeable in the fields of herbicide usage,
animal ecology and plant ecology has been conducted for the purpose of assess-
ing the ecological consequences of extensive or repeated use of herbicides for
vegetation control. The general subjects discussed in this review include
(1) herbicide production, usage and trends; (2) herbicide application to crop
and noncroplands, especially forests, ranges, rights-of-way, wvaterways, ponus,
lakes and reservoirs; (3) military usage of herbicides in Vietnam; (4) acute,
subacute and chronic toxicities of 21 herbicides used primarily for noncropland
application; (5) bersistence and elimination of herbicides from the soil (6)
known ecological effects of vegetation removal by chemical methods (e.g.,
herbicides) and physical methods (e.g., bulldozing, fire, flooding, etc.),
including both the effects on the biotic and abiotic components. Specifically,
consideration is given to the effects of herbicides on wildlife, wildlife
habitat, endangered species, food chains, biotic potential, plant succession,
animal succession, revegetation, climate, soil ernsion, laterization and re-
lated topics; (7) some conclusion regarding the ecological changes are pre-
sented; and (8) some recommendations for further ecological investigations
are given.
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I. INTRODUCTION

Men have altered the environment of the earth according to their will,
and have done so either for an advantage or for a disadvantage which they did
not foresee. If further alterations are to be for our long-term good, we need
greater sensitivity and awvareness of the possible consequences of our immediate
and future action. A broader base of knowledge must be developed in order to
exercise our best judgment. The management of resources and environment every-
vhere affects man's ability to provide for himself. The management of environ-
ment should be of international concern. Urban dwellers throughout the world
are conscious of the lack of purity in the air they breathe. The disposal of
vastes concerns the city, the state, and the national welfare. Within recent
years, men have been exposed to radioactive fallouts, and have suffered from
poor conservation practices. We know that pollution can be reduced and con-
trolled. Radiocactive fallout can be minimized by international agreements.
Conservation policies of some natural resources have been and are being devel-
oped. Mismanagement of certain vital sectors of the environment leads rapidly
dovn the road of no return.

When soil is eroded, it's gone forever.

When a biological species has become extinct, man can
never make another.

If the biotic factors of the ecology are so dis-
turbed that they in turn alter Lhe abiotic factors,
the consequences are long-lasting.

To provide the greatest good for the greatest number at optimum cost,
and to do so by a decision, the results of which will last more than one gen-
eration, ve must critically study the costs and relate them to the benefits.
Since' all the hidden penalties and the benefits wil! be inherited by our
children, short-term expediency must be weighed against long-term consequences.
It is obvious that all the needed decisions will not be acceptable to everyone.
Judgments and values (based on esthetic considerations, cost benefits, etc.)
involve a review of widely divergent opinions. Extreme views must be evaluated
without bias; they serve to sharpen our awareness. Because what needs to be
done--and how it will be done--varies with each problem, the future of environ-
mental management will inevitably require compromises. For example, as citi-
zens, as people of responsibility, we feel the need to preserve a sufficient
number of buffalo 'so that our children may have the oppdrtunity to recapture
the vision of their forefathers and the days of westward expansion. On the
other hand, it does not seem desirable to allow buffalo to increase to their
former numbers; they would again occupy the lands now grazed by the cattle and
sheep--the sources of our beef and mutton.
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The scientific field which provides the elements of the solution to
the oroblem of environmental management is ecology which, since 1900, has been
recognized as a distinct field of biology. Only in recent years has the word
become a part of the general vocabulary quoted in news media. Briefly defined,
ecology is a study of the interrelationships of organisms in and to their com-
plete environment. Since the definition of ecology is necessarily broad, the
concepts are broad, but not a bit less important because of their broadness.
The science of ecology is achieving recognition as an important factor in
human affairs.

Ecology in it~ development toward greater maturity needs to acquire a
better quantitative technology such as the use of the systems approach. Sys-
tems analysis can more nearly cope with the trmendous number of variables and
their interrelationships as represented in an ecosysten.

The use of fire, the axe, and the plow as tools to create greater
agricultural productivity and to clear the land for dwellings, factories and
roadways, hag caused major ecological disturbances. Within the last 20 years
the use of chemicals for the control of environment has expanded dramatically.
Incidents involving poor management of herbicide use has caused concern among
scientists vhich has come to the attention of the public. Sometimes the public
is not equally reminded that the suppliers of food, fibers, and timber are
confronted with production problems, the solution of which depends on the
success of the continuing fight against pollution, disease, and pests.

This reviewv assesses the ecological consequences of the extensive or
repeated use of herbicides. The basic intent of our investigation has been
to examine the status of the knowledge about the ecological consequences to
be expected from the extensive use of these vegetation-control chemicals. We
are concerned with herbicides used in such a manner that they disturdb ecosystems
to the point that severe effects could ensue: e.g., erosion, the extinction
of species, or the loss of land fertility. In our past history, we have
deforested and overgrazed areas that have led to soil loss, created saharaza-
tion and laterization, and altered hydrology and climatic patterns. An
appraisal of these processess in terms of how better management can counter-
act them, and of how improved crop, range, and forest management can benefit
agriculture, would facilitate a better estimate of the long-term costs or
benefits. In addition, we have attempted to describe the current gaps of
information that we believe deserve further scientific inquiry. The elimina-
tion of these gaps will broaden the base for future Judgments.

The long-term ecological effects of the use of herbicides is diffi-
cult to predict. Herbicides differ from other types of vegetation-control
agents in that they enter into biological systems, are selective in their
effects, and have some degree of persistence. They have en advantage from an
economic standpoint because they can be used to treat large areas celectively
at low cost.

-8




We have critically examined over 1,500 pieces of scientific litera-

l ture, and supplemented these sources with information‘obtained in personal

‘ interviews and telephone conversations with over 140 knowvledgeable pecple. We
] have obtained the most current information from government agencies, univer-

] sities, private organizations and the chemical industry.

- This preliminary assessment shovis that the task of defining the

ecological consequences of herbicide use is enormous. What e have done, in
brief, is this: we have established a partial basis for an intelligent,
objective evaluation of what is happening when sectors of our environment are
'] exposed to herbicides. We hope that this assessment will stimulate the con-
’ ducting of a deeper and more penetrating study, based on the additional
1 research that is needed to close the knowledge gaps. Only one generation has
passed since chemical herbicides began to be widely used. Within the last
eight years the treatment of huge areas with potent chemical control agents
| has become a practical reality. To our knowledge no articles or books have
been addressed to the subject of long-term ecological effects of herbicides,
integrated with studies of flora and fauna, raongeland, forests, other non-
1 agricultural lands, vaterways, lakes and reservoirs. 1In the preparation of
this review, it has been impressive ‘hat only two articles relating the full
concept of ecology to two of our interests, weeds (Harper, 1957} and forests
(Ovington, 1962), have been found. Harper points out that the most compre-
hensive food-chain study made so far involves only one weed, the ragwort; even
here many links are missing. Ovington states, "Despite rapid and significant
advances during the last decade, no reasonably comprehensive and balanced
picture of the quantitative ecology of a single woodland ecosystem exists."

In the Chapters II through V the amounts and trends in the use of
herbicides in noncrop areas are discussed. The military application of
herbicides, with special reference to their current use in the Vietnam con-
flict, is reviewed. Military usage is of particular interest to the scientific
community and the public; enormous amounts of herbicides are being applied
to large areas, partly to render the movements of the enemy more conspicuous,
partly to reduce his food resources; and the daily press has carried many
stories on this subject. On the other hand, less well known to the general
public are the large amounts of these same chemicals that are currently
being used in this country, and the results of their experimental application
- as studied and recorded in scientific investigations. We have reviewed the

application of herbicides to noncropland, forests, rangelands and aquatic
ecosystems.

The effects of vegetation management and the resultant ecological
consequences are discussed in Chapters VI through IX, and related to the

s herbicide applications previously mentioned. We have focused our attention on:
. the ecosystem, the relations of ecological action, the environmental relation-
i ships and the interactions of organisms within the community (i.e., food chains).
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Wle hive stressed the acute and chronic toxicity of herbicides, and emphasized
the effects of herbicide usage in certain biologically sensitive areas: e.g.,
mutagenic effects, teratology, long-term pathology, reproduction, and behavioral
changes. Another sensitive area of our inquiry concerns herbicide residues
and the persistence of these residuss in the environment, soil, water, fauna,
crops, and other vegetation. We have examined the ecological effects and
possible consequences of herbicides, defoliants and desiccants or the relation-
ships of ecological ocction in our environment. Our emphasis in thig respect
has been given to the ecological effects on both the biota (i.e., food chains,
faunal habitat and endangered species) and the abiotic processes (i.e., soil
erosion, aggradation, laterization, hydrology, veather and climate).

In conclusion, we have attempted to summarize our findings as
follovs:

1. What judgments about the impact of herbicides on the ecology can
be formed?

2. Which areas of inquiry are so inconclusive that reliable Judgments
cannot L.e made?
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II. HERBICIDE PRODUCTION USAGE AND TRENDS

Throughout history men have modified their habitat by removing or
controlling the surrounding vegetaticn--to provide greater security, better
transportation, easier agriculture, forest exploitation, or to enhance the
landscape (Becquerel, 1871, Marsh, 1885, and Dansereau, 1957). It has been
estimated that more effort is devoted to the modification of vegetation than
to any other human activity.

Fire, the ax, and browsing domestic animals have been the traditional
means for clearing land, harvesting the forests and controlling unwanted brush.
With these tools the deforestation of Europe, the cutting of the timberlands of
the United States, and conversion of vast prairie lands to agriculture were
accomplished--often nccompanied by drastic disturbances in the ecology of the
affected regions (Thomas, 1966; Darling and Milton, 1966).

Within the last 20 years, herbicides have become a major tool used
to control or destroy vegetation--rapidly, ecunomically and over large areas.

The discovery and secret development of 2,4-D during World War II
initiated a revolution in chemical weed control. In 1950, the estimated
market for herbicides came to only $1.5-2.0 million, chiefly for borates,
arsenites and other inorganic compounds. By 1965, this market had grown to
over $211 million. In 1959, American farmers treated 53 million acres of
acricultural land with herbicides at a cost of $129 million (including applica-
tion costs) (USDA, ARS 34-23-1, 1965). Over 119.7 million acres of farmland
was treated with herbicides in 1965, at a total cost of $493 million (Ennis,
1967). 1In a period of six years, herbicide usage more than doubled.

Without doubt, 2,4-D precipitated this phenomenal growth in herbi-
cides, and stimulated the development of a host of new and potent plant control
agents. By 1364, about 125 herbicide chemicals were marketed in some 8,000
different formulations.

Herbicides now represent the fastest growing segment of the pesti-
cides inductry. With 1966 production in the U. S. exceeding 220 million
pounds, herticides account for 26 percent of total pesticide tonnage, and for
44 percent cr the value of all pesticide producers' sales (Shepard et al.,
1967). Within a few years, chemicals for vegetation management will represent
over half the total pesticide market value.

The pattern of ever-increasing use of herbicides is shown in Figure
II-1. The older, inorganic herbicides and defoliants are declining in usage
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Figure II-1 - U, S. Production of Herbicides by Class, 1945 - 1967.
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as more selective, more effective and less hazardous agents have become avail-
able. Perhaps the most significant trend is that toward newer herbicides--such
as picloram, bromacil, cacodylic acid, fenuron, or paraquat--each tailored to
perform specific kinds of vegetation control (Table II-1).

ol
‘5;

TABLE II-1 i

U, 5., PRODUCTION OF ORGANIC HERBICIDES
(1,000 pounds)

2,4-D and Other Organic ,
Year 2,4,5-T Acids Herbicides
1958 34,622 25,295
1959 34,829 29,756
130 42,522 33,201
1961 50,301 46,367 1
1962 51,366 51,913 )
1963 55,402 64,626 '
1964 65,148 93,909
1965 74,921 111,127
1966 83,671 149,352

Source: The Pesticide Review, 1958-1967.

Already the usage of these newer herbicides exceeds that of the
phenoxy compounds which a few years ago dominated the field, and were the
chemicals of choice for general weed and brush control. Any assescment of long-
term effects of vegetation control must take into account thece newer compounds
which will become even more important in future control programs. Often less
is known about the action and fate of newer chemicals than is known about 2,4-D; .
certainly less long-term field experience has been accumulated regarding effects
of these new chemicals on the ecosystem.

Herbicides used in large quantities for vegetation control of non-
croplands are listed in Table II-2, along with information regarding oral
toxicity and some of the major applications of each herbicide.

The consumption of nearly 250 million pounds of herbicides gives
ample testimony to man's intention to control and dominate the landscape. The
overall purpose in using herbicides can be generalized as "weed control"--the
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suppression or renoval of vegetation which grows where it interferes with man's
intended use of the land.*

When used for vegetation control, herbicides kill or suppress some
species of plants, while leaving others unaffected. Thus, when dealing with a
relatively stable plant community, herbicidal control, like other methods of
control such as fire, mechanical removal, or biological control, results in
three primary ecological shifts:

(1) simplification of the plunt community,

(2) Setting the community back to a subclimax or unstable condition
in which some ecological niches are vacant, and

(3) Altering or reducing competition within the treated area.

These are the primary and direct effects of the herbicide, quite independent
of any side effects due to residues or toxicity.

The possibility of ecological repercussions from herbicide use depends
more on how these chemicals are used than on the total quantity of herbicides
produced and used. Ultimately, the avoidance of biological problems and side
effects is dependent upon the degree of ecological knowledge, management skill,
ard social responsibility of those who employ herbicidal chemicals. In any
particular application, the long-term consequences also depend upon:

(1) The purpose or objectives of herbicide use,

(2) The enviromnment to which herbicides are applied,

(3) The chemical agent used,

(4) The dosage rate or frequency of treatment, and

(5) The means of application and control of placement.

% Moore (1954) defined a weed as: "“A plant which interferes with man's
utilization of land for a specific purpose,” and Stearn (1956) comments:
"Taken as a whole, weeds are not so much a botanical as a human psycolog-
ical category within the plant kingdom, for a weed is simply a plant which
in a particular place at a particular time arouses human dislike and
attempts are made at its eradication or control, usually because it com-
petes with more desirable plants, sometimes because it serves as a host
to their pests and diseases, or is unpalatable or dangerous to domestic
beasts."
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Important Classes of Herbicide Use

In addition to use on croplands, herbicides are employed for a re-
markable variety of purposes--improving wildlife habitat, killing forest stands
prior to cutting, limiting the spread of disease vectors, increasing the graz- R
ing capacity of rangeland, maintaining industrial rights-of-way and increasing
the water yield or run-off of watersheds into reservoirs--to name a few.

Agricultural uses on crops consumes more than half the herbicides ]
sold in the U. S. Noncrop applications on farms, together with nonagricultural
uses, account for the balance of domestic consumption. The estimated distribu- i
tion of herbicides by end use for 1965 was: i

Total production, organic herbicides 220,003,000 1b.
U. S. producers sales 182,869,000 15, 3

Net exports (approximate) 32,000,000 1b.

U. S. Consumption 150,869,000 1b.
Sales to farmers (59%) , 89,000,000 1b.
Farm use on croplands (approximately 88%) 78,400,000 1b.

Farm use on noncroplands (12%) 10,800,000 1b. :

1

4

Nonfarm uses 61,869,000 1t. 1

While agricultural uses on corn, cotton, rice, vegetables and orchard crops,
account for most of the acreage treated in the U. S., herbicides are applied
to substantial areas of noncropland.

Noncrep uses usually require more pounds of herbicide per acre. In j
1962, for example, the average cost per acre for treating noncropland was
$23.18, almost ten times the $2.28 required for corn, and over twice as much
as the $9.09 spent treating an acre of vegetables (USDA ARS-34-23-1, 1965).

This report concentrates on various applications of phytotoxic chemi-
cals to wild areas, or to relatively stable, undisturbed plant communities.
Often such treatments involve overall spraying of vegetation. When chemicals ]
are applied to these natural plant associations, opportunity is afforded to
observe the primary and secondary elfects, and to follow the direct and in-
direct ecological shifts or interactions resulting from herbicide use.

Subsequent sections of this report focus in greater detail on several :
major fields of vegetation control such as commercial forestry, brush control 3

on range and grazing land, maintenance of industrial rights of way and aquatic
weed control.

11
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The noncropland uses of herbicides can be expected to increase con-
siderably, both in extent of acreage trested, and in consumption of herbicides.
Accarding to estimates reported at the 1962 Northeast Weed Control Conference:

.
e

A

.
e

"Weed control of some type is required annually in the
United States on about 140 million acres of row crops (weeded in-
4y tensively), about 230 million acres of drilled crops (with moderate
e weeding), one billion acres in hay, pasture and range (with limited i
| weed control), 30 million acres in comnection with railroads and
' highways, and ahout 33 million single-family homes requiring some
weed control." .4

Few realistic estimates exist of the extent to which herbicides are
actually used on noncultivated land. One recent survey showed that during LE
7 1965 the following sreas are known to have received herbicide treatments in
agriculture:* :

Rangeland %¥.2 million acres .é
Permanent Pasture 6.7 million acres .
Lawns and Turf 1.1 million acres
Other Noncroplands 3.3 million acres =
Forestland . 117 thousand acres .
Aquatic Sites 84 thousand acres

The approximate areas of various types of land which may require "

control of vegetation are shown in Table II-3. Because some classifications
overlap, the areas shown do not add up to the tctal land area of the United
States. =

Minnesota maintains records of all applications of herbicides in-
| c¢luding several important classes of noncrop usage. The amount of herbicides e
| used, and the number of acres treated in Minnesota, represeat substantial
totals despite the fact that Minnesota does not spray as extensively as Texas
for brush ¢ ntrol on range; that commercial forestry use of herbicides is less e
than in other regions; and that the aquatic weed control problem is less severe
than along the Gulf Coast. Nearly 40 percent of the total road mileage in
Minnesota receives chemical treatment along the roadside. This compares with =
8 nationwide average of perhaps 10 to 15 percent. Within the last few years
there has been a marked increase in the spraying of utility rights-of-vay
(Table II-4).

ed

N T A N Tt

i

!

g * Ennis, Y. B., Unpublish:d data, released by USDA to DoD, for
administrative use only.
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TABLE II-3

LAND UTILIZATION, 1965

Total Land Area--48 States

Land nge

Cropland and Cropland Pasture

Permanent Grassland Pasture
Grazing Land and Open Range

Forest and Woodland ("commercial")
Forest in farms
Forest not in farms

State and National Parks
Military Areas

Wildlife Refuge, Waterfowl
Reserve, Game Management Areas

Inland Water Areas
Ponds
Large impoundments
Streams
Irrigation ditches
Drainage ditches
Wetlands, bogs, swamps .

Industrial Rights-of-Way
Railroad
Electric power
Telephone and other

Roadside and Highway

Urban and Built-up Areas
Private lawns and turf

Induetrial, municipal, other turf

Desert, Dunes, Barrens, Wildland

(162,300)*

(339, 600)

(2,000)
(19,500)
(5,500)

(400)
(200)
(5,000)

(1,300)
(7,049)
(3,500)

(16,000)
(10,000)

1,934, 500,000

Land Use

{000) Acres

457,000

463,900
417,600

501,900

22,000

17,900

17,000

32,600

11,800

14,950

53,000

26,950

* Figures in parentheses are estimated breakdowns within each category.

Because certain categories cverlap, totals are not strictly additive,
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Herbicide Shortage

Shortages of key herbicides began to develop in 1967 throughout the
Most critical are the two widely used weed
Both are used also as defoliants in Vietnam.
Military demand for 2,4,5-T is so great that the Government has pre-empted
all 2,4,5-T production until further notice.

southern and midwestern markets.

killers, 2,4-D and 2,4,5-T.

The U.S. capacity for 2,4-D (acid basis) is about 80 million pounds
per year; and for 2,4,5-T is 20 million pounds.
ments are 80 million pounds of each compound.
ments in the U.S. for 1966 were 57 million pounds, and 7.5 million pounds,

respectively (Chemical Week, 1967),

Shortages of the widely used chlorophenoxy compounds have, in turn,
made supplies of other herbirides tight. Atrazine, Randox, Tordon 101, Amiben,

Herban, and Planavin have been placed on allocation by their manufacturers or

are on priority distribution.

A major electric power utility, which sprays 14,300 miles of its
rights-of-way, has drastically cut its control operations this year.
the largest forest land management companies had to cease herbicide spraying:
.2,4-D and 2,4,5-T have gone to war."

"No spraying this year.

One question which was posed during the course of gathering data
regarding possible long-term consequences of herbicide use is rather thought
provoking: 'What are the long-term ecological consequences of not using
Because the present shortage is expected to be

modern chemical herbicides?"

temporary no attempt has been made to estimate either economic losses due to
curtailed weed control activities, or the ecological effects of reduced
herbicide spraying.

s oy
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III. HERBICIDE APPLICATION ON VARIOUS LAND AREAS

In the previous section, statistical information has been presented
concerning the application of herbicides to various land areas. In this
section, the usage of herbicides on: (a) crops, (b) noncroplands, (c) forests
ané (d) rangelands will be reviewed. Each one of these sectors will present
the background, the vegetation problems that need to be met, development of
herbicidal use, and the methods and rates of application. Some attention will
be given to the costs of application of the herbicides under various circum-
stances. Each one of the sections will include a discussion of some of the
ecological aspects of the particular type of land area as related to herbidide
usage.

We have not reviewed in any depth the application of herbicides to
croplands. It is conceded that the role of herbicides on cropland is of great
economic and social importance. However, the ecological consequences of
applying herbicides to crop mono-culture is minimal when related to the ecologi-
cal consequences involved in their application to noncroplands, forests and
range.

The noncropland discussion will be limited to the status of vege-
tetion control along powcr, communication, roadway, railroad and pipeline
rights-of-way. Firebreaks and industrial plant needs will be touched upon.

In the section on forests, we deal with utilization of herbicides in
forests nurseries, plant-site preparation, the release of desired species

and timber stand improvement.

Within the section on rangelands, mechanical, burning, biological
end chemical methods of vegetation control will be discussed.

16
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A. Herbicides for Croplands

By far the most important application of herbicides--currently
accounting for half of all consumption--is weed control in crops. U. S. farmers
spent nearly $500 million ih 1966 treating 119 million acres (Ennis, 1967);
or 26% of all land planted with zrops. Over 43% of all corn acreage, 25% of
small grains, and 29% of all cotton acreage in 1966 received herbicide treat-
ment (Sheppard, 1967). Herbicides have become an indispensable tool of
agriculture,

Two vital reasons dictate this rapidly increasing use of chemical
weed control agents:

1. Herbicides increase the farmer's profi’ (for rice the gain can
be as much as $40 per acre).

2. Herbicides allow more food to be raised on each acre, with less
labor.

The acreage devoted to crops is decreasing in the United States.
By 1975, more than 20 million acres will go out of private agriculture; the
net loss is about 1 miliion acres per year. Most of this land will go into
"built-up areas”; there will also be important shifts to outdoor recreation,
wildlife habitat, and to highways, airports and industry (USDA, 1962).
Farm labor continues to decline. Nonetheless, modern technology--machines,
chemicals and management methods--continue to increase the per-acre ylelds from
croplands.

In foreign agriculture, especially in the tropics, the need for
herbicides is critical. Extensive programs of land improvement and land con-
version to crop producticn are essential to feeding fest- -rising populations.

“In tropical agriculture, weeds are a major factor limiting crop production.
The number and diversity of weed problems are much greater than under temperate
zone conditions, and weeds present problems over a much longer period of the
year. Yield increases resulting from improved weed control alone may be
sufficient to more than solve current food shortages.” (Furtick, 1967). 1In
Japan, for example, nearly 45% of the rice crop is treated with 2,4-D, increas-
ing yields as much as fourfold. Although the role of herbicides on croplands
is conceded to be of great economic and social importance, little attention
will be given throughout the balance of this report to use on cultivated crops.

17
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The ecological consequences ~f applying herbicides to a crop-monocul -
ture, such as a wheat field, are minimal. Good cropland in continuous production
represents an artificially stabilized ecology. Mos% long-term effects are
wiped out after the crop has been harvested, and the 1l-nd Prepared to grow
next season's crep. The ecoromic stake of the farmer provides strong incen-
tives to exercise care in choice of harbicide and control of application factors.
This care tends to minimize side effects such as residues or pollution.

Any assessment of herbicide use on crops must be based, we believe,
chiefly on economic and social grounds, and not on long-term ecological effects
on the environment.

18
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B. Herbicides for None¢roplands

It is estimated that in 1965 cropland and cropland pasture totaled ;
457 million acres, of which about 120 million were treated with herbicides. t
The noncropland areas approach one billion acres exclusive of desert, barrens, : 3
wildlands and built-up areas. The use of chemicals on noncropland began when R
man first applied salt to the earth to kill the vegetation. Sodium arsenite '
was used on water hyacinth in 1902, copper sulfate was used as a herbicide on
algae in 1904. In 31919, George Gray of California, discovered the translocation j 1
of arsenic in wild morning glories. Sodium chlorate was introduced for killing ‘
we2ds by application in soil in 1925. A decade later, France exported sodium
dinitrocresylate to America as the first selective organic weed killer. Rapid
acceleration of the use of chemical. herbicides followed the announcement of
the discovery of 2,4-D in 1944 and its use in 1945. After the advent of 2,4-D.
the development of other organic chemicals and dozens of formulations proceeded
at 3 rapid pace.

Utility Rights-of-Ways

In 1958, Egler stated, "The rights-of-way of the utility corporations 4
alone comprise an acreage greater than all six New England states combined.” :
According to recent figures, power, communication, railroad, highway and road-
ways comprise about 26,000,000 acres.

Vegetation contrclalcrg rights-of-way is important to a large segment
of the population. The uti!ity corporations, land owners, chemical manufac-
turers, spray and line clearance contractors and the public, are involved.

Each group is obviously concerned for different reasons (economic and esthetic).
As a result of this widespread interest, vegetation management of rights-of-
vay and)roadsides is becoming an integrated division of land management (Figure
III-B-1).

Until recent years, mechanical methods were the only effective means
of controlling brush, and even now some utility rights-of-way are maintained by
mechanical methods. The hand method requires large crews using brush hooks, |
axes, and power saws for periodic clearing of brush, and it is usually necessary ] ;
e to repeat the opervation every two years. Because of the rising cost of labor,
the hand method has become increasingly prohibitive; as a result, many improved
mechanical devices have evolved. In general, these devices, such as rotary
. brush cutters and the large self-propelled machines, having a huge metal drum
with flails attached, are somewhat limited in their use, especially in rocky
or mountainous terrain. A more recent mechanical device, the hand power saw,
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is an effective and practical approach to underbrush control in rough terrain
conditions. In large integrated rights-of-way maintenance programs there is
a place for the mechanical along with the newer method of chemical brush
control (Figure III-B-2).

Chemical sprays of vegetation along rights-of-way may be categorized
as follows:

Foliar treatment: Foliar treatment is usually used for a woody plant
control. It has importance as a primary spray in the maintenance of rights-
of-way. It has its greatest effectiveness ii the growing season (Spring) and,
to be effective, it must thoroughly wet the entire vegetation. Foliar sprays
make way for follow-up treatment by modified basal sprays.

Foliar stem sprays: Foliar stem sprays are usvally more d.astic in
their action than foliar sprays. This is accomplished by addition of oil
which increases bark penetration.

Basal spray treatment: Basal spray treatments are usually applied
over five to 10 years. This is a more selective-type tircatmeat and allows the
selection of certain desired plant species.

Do-mant stem treatment: Dormant stem treatment is considered an all-
year-round oreration. It is used in areas where species are prolific that
produce longar root systems.

Frill and injection technique: If for some reason it is not desirable
to cut trees and treat the stumps, the frill or the injection tect-ique may be
used. To prrepare a tree for the frill treatment, a cut is made into the sap
wood girdling the tree and the appropriate chemicals sre introduced into the
incision. 1In the injection technique, the herbicide is injected directly into
the heartwood near the base of the tree.

Basal soil treatment: The basal soil treatment is usually accomplished
by dry, powdered or pelleted herbicides that are scattered over the soil sur-
face above the root systems. Rainfall moves the chemical down into the roots.

Examples ¢f types of herbicides used in rights-of-way vegetation
control are as follows:

1. Woody plants
A. Chloropihenoxy acids

B. Ammonium sulphamate
C. Fenuron

2l
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D. Picloram
E, 2,3,6-TBA

2. Mixed herbacious broad-leafed and grassy weed

. Amitrole

Ammorium sulphamate
Borate sodium
Bromacil

Diurnn

Monuron

Paraquat

Simazine

. Atrazine

o aow>

HomoQ

3. Broad-leafed herbacious weeds--selective control and desirable

grasses
A. Chlorophenoxy acids
B. PBRA
C. Picloram
D. 2,3,6-TBA

4. Weedy grasses where control cf broud-leaf weeds is not necessary

Aromatic oils
. Dalapon

DSMA

MSMA

Sodium TCA
Amitrole

H o atw >

Reference may be made to Table A-4 in the Appendix which indicates the pounds
of active ingredient recommended Per acre for the various herbicides listed
under the above classifications. The information 2bove and the data in Table
A-4 have been taken from USDA Agriculture Handbook, 332, pp. 51-54.

The maintenance of rights-of-way of large utility transmission
systems, some of which are in excess of 14,000 to 17,000 miles in length, pre-
sents a formidable problem. One of the most economical approaches for herbi-
cide application is the use of fixed wing aircraft or helicopters (Figures
III-F-3 and -4), Helicopter spraying by the Ontario Hydro started in 1951.
Helicupzers have an advantage over fixed wing aircraft in that they are more
maneuverable. The major restriction on aircraft spraying is suitable weather.
Some operators with liquid spray units do not fly if the wind velocity is over

23



ABM-JO-53UY3Ty UOTSSTWSUES], Iamod Butheadg x93dooTyoy - ¢-g~III 2In3tg

fuedwopy TeOTWRY) MO L£sa3Ino)




‘em-Jo-1udty £317730 Jo Futheadg Tetasy - y-g-IIT 2indtg

Auedmoy TeoTWaY) aog As93In07 N




b

S miles/hr. Some operators feel that helicopters are more satisfactory then
fixed wing aircraft because a lower flying speed is possible and greater
maneuverability of the helicopter contributes tc more accurate placement of
the spray pattern.

| |

$omd

Some examples of foliar spray operations, the chemicals and appli-
cation rates as related to their effectiveness follow.

i

Grundy and Bennett (1960) have pointed out that 70 to 90% top-kill
is obtained on popler, birch, willow and tag alder with application of 4 1b.
of acid equivalent per 7 gal of a formulation of 2,4-D and 2,4,5-T in oil. The -
conifers, balsam, fir and spruce are resistant to 2,4-D and 2,4,5-T sprays.
Their work with TCA was satisfactory. Using rates of about 26 1lb. of acid
equivalent per acre, gave good control over parts of the right-of-way. They u
used two 11-ft booms for application on 100-ft rights-of-way. Control was fon-
fined in most instances to a strip on each side of the power line directly
under the path of the helicopter. 1In terms of cost in 1958, helicopter sprayirg =
on 5,798 acres averaged less than $22 per acre whereas foliar spray with ground .
equipment averaged about $26 per acre on 22,358 acres. ,

Suggitt and Winter (1965) and Suggitt (1965) described some of the
problems of handling drift from aerial spraying. This phenomeron is especially
a problem when spraying has to be done near cultivated areas. They have deter-
mined the desirable median droplet size and the amount of spray needed (8 to 12 P
gal/acre) to penetrate brush foliage of heights of 6 1o 10 ft.

Table III-B-1 contains their data for droplet coverage in relation = ]
to the diameter of droplets (u). They found the most desirable droplet size
to be between 300 to 500 u.

Studies (Mann, 1960) have been made of the use of invert or thickened
chemicals to reduce the problem of drift. Greater control over drift allows
the helicopter to fly 10 miles/hr, which increases flying time per day. ..

Pellets are another approach to the drift problem in aerial spraying
(Mann, 1966). Some of the advantages of using pellets are as follows: (1) .
material can be applied in winds up to 12 miles/hr; (2) elimination of
brown-out; (3) the materiasl is nonvolatile; and (4) helicopter can be used for ]
pellet application before the foliage spray season. The disadvantages are: »e
(1) cost; (2) there is some tendency to kill brush off of the rights-of-way i
because of the extension of the lateral root systems; and (3) adequate rainfall !
is needed to move the material into the ground. o '
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/ TABLE III-B-1 | E
DROPLET COVERAGE ON A FLAT SURFACE FOR AN

; APPLICATION RATE OF 4 GAL/ACRE

: Diameter of Description

i Spray Droplets Distance Between of Falling ;
() Number/Sq Inch Droplets (inches) Spray

.1 1000 4.6 0.47 Moderate rain
500 37.0 0.16 Light rain

i 200 570.0 0.043 Drizzle

I | 100 4600.0 0.015 Mist

.4 According to some tests made by TVA (Mann, 1966) the materials

(Dybar, Urba and Tordon 10K) are highly satisfactory for brush control at
various rates. Howeve#, a continued evaluation will be required to determine :
an effective rate for various species.

A problem occurred on the TVA system in that many tracts of land or
farms were cleared several months before line construction was completed
(Mann, 1965). The interval resulted in a medium to dense stand of brush ranging
from 6 to 20 ft in height on the right-of-vay at the time the line was ener-
gized. The stem count in the area ranged from about 5,000 to 10,000/acre
and consisted of ash, cedars, dogwood, hickory, msples, oaks, persimmons, pine,
poplar, sassafras, sourwood and sumac. They treated about 38 scres with
3 gal/acre of 2,4,5-T esters containing 4 1b. of acid equivalent per gallon in
97 gal of diesel oil. The application was made by knapsack sprayers because 5
of the rough mountainous terrain. They applied approximately 2,969 gal of
mixture and the average cost was about $57 an acre. A stem count was made in
the area 31 months after application. It was found about 81% of the stumps
had been killed. In comparing this type of treatment with the foliage treat-
ment, the results would be about equal. However, the cost of foliage treatment
. would be approximately $72 an acre as compared to $57 an acre for stump treat-
tent. The stump-treated area did not require treatment until after three full
growing seasons, and then it was foliage treated withh ammate near crops and
si with esters in other areas. A summary of the cost of stump treatments performed
since the program was initiated in 1957 is as follows (Mann, 1963),
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Calendar Years Number of Acres Cost Per Acre ]
1957 . 3,562 $60 )
1958 1,933 62 '
1959 1,712 63 :
1960 1,698 65
1961 2,239 69
1962 1,374 67
Total Acres 12,518
Average Cost an Acre 65

The cost breakdown wes as follows: labor, 40%; transportation, 10%; and
materials, 50%.

After foliar applications it is usually necessary within a few ycars
to use a different approach to brush control in order to eliminate the more
resistant species (for example, ash, maple and elm). Usually this is done by
basal or dormant treatment. Also, the dormant treatment is being used by certain
large utilities for "catching skips' near crops. Modern brush control methods
by utility rights-of-way maintenance people is fast becoming a science. A
number of them determine the proper spraying method and herbicide selection
by making surveys of their rights-of-way to learn the species rresent, their
height, and stem count or density. It has been calculated (Mann and Aldred,
1964 ) that the stem count for basal or dormant application, to be economically
feasible, should average 4,000 stems/acre or less. Ore formulation for typical
dormant spraying would consist of 3 gal of 2,4,5-T esters (4 1b. acid/gal)
and 97 1b. of diesel oil. Application is made to the brush withir a foot of
the ground line, permitting the mixture to run down and thoroughly wet the

root collar. iListed below are the acres treated by the dormant method with
] the cost per acre for fiscal years 1956 to 1963 for the Tennessee Valley
% Authority (Mann end Aldred, 1964).
F.Y. Acres Cost/Acre F.Y. Aces Cost/Acre
? 1956 1,885 $62 1960 1,976 $63
1957 1,663 96 1961 1,854 70
4 1958 3,481 85 1962 1,287 71
1959 1,153 63 1963 3,096 64 I
! In many areas, in this country and Canada, vhere utility rights-of- .
1 way pass through pine forests, conifers become a serious maintenance problem. 11
i Herbicides 2,4-D and 2,4,5-T are effective in controlling deciduous woody 2d
1 growth, but have little effect on conifers. In fact, 2,4,5-T is the herbicide

of choice for pine release. 'The conifers grow much more rapidly than normal
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vhen the competition is reduced for -ight, moisture and nutrients, and they
become a dominant vegetation in rights-of-ways. Oil-borne sprays, containing
2,4-D and 2,4,5-T, have been used for conifer control in the northeastern
states. Bennett (1957) points out that the extensive use of oil for spraying
under Canadian conditions is limited mainly by the cost and the difficulty of
transporting the required oil veolume into remote areas. This investigator
evaluated the following herbicides. 2,3,6-TEA, monuron, TCA, dalapon, ammonium 1
sulphamate, ATA, erbon, sodium chlorate, 2,4,5-T and 2,4-D and their various |
esters, and 4-CPA. These tests were made on 160-acre plots comprising more than

6,000 tag stems. Effective control of conifer, balsam, fir and black spruce was
obtained with water-borne sprays of monuron, 2,3,6-TBA, silvex, TCA, and dalapon

applied during the growing season. With the exception of treatments incorporat-

ing 0il and oil-water carrier, no treatment gave satisfactory control during

April or October. TCA (4 - 6 1. AE) and 2,3,6-TBA (S - 10 1b. AE) vere con-

sidered the most suitable materials for extensive use.

e}
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e

Telephone lines are special types of rights-of-ways in that they are
usually associated with roadways. The maintenance of the line in terms of
vegetation control involves a wide degree of planning, For instance, the American
Telephone and Telegraph Company operations are from coast to coast, Coffey
(1955) indicates that the regional cutting intervals are five - 10 years in the
Rocky Mountain states, three - five years in the Southwest, and one, two or
three years in most of the other regions of the United States. Coffey (1955)
has outlined the planning and programming for conversion from brush cutting of
rights-of-ways to chemical control. He indicates that good management requires
the developing of a long-range plan for chemical control. He believes that the
major steps in planning are (1) brush inventory; (2) job specifications; (3)
material supervision; and (4) fiela inspection.

The following inventory should be made: the location and quantity,
the growth conditions, the width of right-of-way to be treated in various sec-
tions, the location of access roads, ditch crossing, fence openings, location
of accessible water for spraying foliage, and what crops are grown in the sec-
tion fhat might limit the method or time of spraying. The salient considera-
tions under job specifications are: coverage, timing and materials. They
utilize two treatments, foliage and basal spray. As a final yardstick for
determining the results, they measure costs and there are many ways to do it.

. Hand-cutting versus spraying on a short-term basis indicates that hand-cutting
costs are cheaper. A comparison of the costs on a long term were as follows

ol Plot 1 o) X

| Acres 73 36.7 112

i Year 1946-54 1945-54 1948-53
Estimated Hand-Cutting Costs $9,600 $6, 608 $19,468

<2 Chemical Spray Costs $3,544 $4,774 $6,932

:E 29
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The Consumer Power Company Forestry Department has reported data on
manual versus chemical cost of vegetation control of power transmission lines
from 1948 to 1965. Table III-B-2 indicates that the amount of manual labor has
been reduced <ppreciably over the years.

TABLE III-B-2
COST FIGURES FOR MAINTENANCE OF POWER

TRANSMISSION AND SUBTRANSMISSION LINES
MANUAL AND CHEMICAL

(Total Annual Cost Per Mile)

Total Cost Total Cost
Manual Manusl
& &
Chemical Chemical Chemical Chemical
1948 $ 3.13 $27.33 1957  44.55 57.73
1949 3.21 81.39 1958 16.02 26.44
1950 11.13 73.31 1959 49.21 62.00
1951 5.32 68.73 1960 50.17 66.27
1952 13.80 55.87 1961 46.19 62.39
1953 20.24 64.34 1962 38.34 52.76
1954 22.68 50.08 1963 35.89 55.42
1955 29.91 46.25 1964 47.66 63.96
1956 46.95 58.19 1965 48.00 57.53

Source: Consumers Power Company Forestry Departmert Brochure (1965).

The Bonneville Power Administration has about 10,000 miles of trans-
mission lines with 56,000 acres of brush underneath. The annual cost of brush
clearance with herbicides is $35 to $40/acre. Manual means would cost $300 to
$500/acre (Farm Chemicals, 1967).

Roadways

In addition to maintaining the roadway and shoulders, highway mainte-
nance forces have always been faced with the problem of vegetation control on
the roadside (Figure III-B-5). For many years the task was handled solely by
mechanical means. The use of herbicides on roadways came into practice about
the same time that they were put to use on utility rights-of-ways. There are
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Figure III-B-5 - Spraying Roadway Right-oi-Way
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about 15,000,000 acres of roadsides and highways in the U. S. Sylvester (1951)
felt from the standpoint of maintenance that roadside spraying was definitely
Justified. Once the weeds and brush are eliminated, the prevailing grasses are
given a chance to establish themselves. Many times the roadside has banks that
are steeply sloped, full of rocks and debris and which one cannot gain access
to with mowing equipment. Roadsides that are clean, free of weeds and brush
are easy to maintain from the standpoint of snow removal.

Turka (1960) and Zukel and Eddy (1958) have discussed the use of
herbicides on highways and the following reasons have been given for their use.
(1) To increase highway safety by eliminating tall weeds. Reduces driving
hazards by allowing an unobstructed view of warning lights, traffic lights,
crossroads, driveways and the view of curves. (2) Control broad-leaf weeds
with the primary purpose of reducing the number of mowings. (3) To keep the
water drainage areas free of weeds and brush which impede water flow. (4) To
reduce the weed population as a source of infestation to neighboring crops.

(S5) To eliminate toxic plants such as poison ivy. (6) Eliminate ragweed and
other allergy-producing weeds from the right-of-way.

Iurka (1960) has discussed some of the hazards concerned with herbi-
cide applications along roadways: (1) drift; (2) volatility; (3) washoff of
insoluble soil sterilants; (4) leaching of soil sterilants; and (5) public
reaction to high degrees of brown-out. The utility services, such as telephone
and power companies have ar interest in the control of roadside brush. Un-
wanted vegetation which seriously interferes with power and telephone service
by shorting lines has to be controlled. Many different types of herbicides
are used for vegetation control along roadways (see Table III-B-3).

The rates of application of herbicides used along roadways is com-
pared with their effectiveness on vegetation in Table III-B-4. The problem
of controlling Johnson grass along Oklahoma roadways has been investigated by
Sinkler et al. (1965). They reported experiments involving the use of monobor-
chlorate, disodium methanearsonate (DSMA) and 2,2-dichloropropionic acid
(dalapon) and used the following application rates: monobor-chlorate at 640
to 1,100 1b. over 100 sq. ft., DSMA, 3 to 5 1b/acre (100 gal of water), and
dalapon at 10 to 15 lb/acre. One-half of these test plots were mowed and then
each treatment was applied to the regrowth when about 18 inches high. After
a period of time it was determined that DSMA and dalapon treatments were more
effective in reducing the Johnson grass stands whether applied to mowed or
unmowed areas.
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TABLE III-B-3

VARIOUS EXPERIMENTAL HERBICIDE APPLICATION

Chemical

Fenac and Amitrole
Sodium TCA

Tritac
Sodium TCA

Erbon
Sodium TCA

Hiboré/

Isooctyl Ester
of 2,4-D and
2,4,5-T
2,4,5-T gcid
2,4-D acid

Sodium Pentachloro-
rhenate
Sodium TCA

Amitrole
Sodium TCA

Fenac
Sodium TCA

RATES ALONG ROADSIDES

Appvlication Rates
(1b/acre)

+ 10-50
+ 10-100
+ 16-0
+ 20-0
+ 5-100

o - Jer e s ) I o >

10-0
100-150 gal/acre
150-250 gal/acre

6 1b. acid eq/100 gal

20~200

a/ Sodium metaborate 1 1b/gal.
Sodium chlorate 0.7 1b/gal.

Bromacil

0.3 1b/gal.

Type of Vegetation

Silver bluestem
Silver bluestem
Bermudagrass
Bermudagrass
Bermudagrass

Bermudagrass
Bermudagrass

Bermudagrass

Perennial vegetaticn

Sassafras, black oak,
red oak, red maple
sourwood

Bermudagrass

Silver bluestem
Dallisgrass

Bindweed
Bermudagrass
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Railroads

In many vespects, effective control of vegetation on railroad rights-
of-way is similar to that of roadsides. More soil sterilants come into use
because the railroad billast itself is treated. There are two general problem
areas of weed control nlong railroad rights-of-way: (1) the track or road
bed, and (2) the off-track area.

Parker (1965) and Yazell (1965) gave the following reasons for vegeta-
tion control.

In ballast section - keep good ballast draining properly.

In ballast section - enable ties and fastenings to be inspected
(including switches, etc.), increasing the life of the tie.

In ballast section - keep weed seeds out of traction motors on
diesel engines and prevent wheel slippage.

Shoulder adjacent to ballast - drainage.

Shoulder - unrestricted sight, enabling inspection of trains.

Around bridges, buildings and other structures - fire protection.

Yards - safety, convenience and appearance.

Noxious weeds - covered by state laws.

Around low switch stands and dwarf signals - sight.

Brush around inside of curves - inspect trains.

Brush under communication lines - uninterrupted service.

Brush adjacent to tracks - keep from fouling trains.

At highway grade crossings - sight for both autos and trains.

Around signs (mile posts, whistle bcards) - sight.

Weed control improves the appearance of the railroad.
Historically weed and grass control methods along railroad rights-of-way par-
allel that of roadways and include manual removal, burning, rotery mowing and

chemical control (Figures III-B-6 and ~7). Burning is not selective and is al-
most as expensive as chemical control. Burning does not destroy the root systems
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Courtesy Dow Chemical Company

Figure III-B-6 - Railroad Right-of-Vay Spray Unit
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and creates a fire hazard. The method is now considered undesirable and is
rapidly being replaced by other methods. Rotary mowing is still extensively
practiced at crossings and along rights-of-way because local ordinances fre-
Quently prescribe it. However, as local ordinances are changed, and better
techniques are avallable, many railroads are replacing mowing by chemical
treatment. Along railroad rights-of-way the chemical control ranges from bare
ground to selective weeding. Complete control on bare ground is expensive and
requires high rates of soil sterilizing chemicals followed by r>duced rates of
materials with long residues. Since several railroads span most of the United
States, they have special problems for vegetation control of a widely varying
nature. Yazell (1965) has pointed out that continued usage of single chemicals 1
will result in the encroachment of other types of vegetation which have to be e |
dealt with by different herbicides. For exemple: (1) the use of chlorates in
the southwest controls Johnson grs«3, but bermudagrass and vines flourish;

(2) continued usage in the Midwest of contact materials plus residuals at low L}
dosage has resulted in the encroachment of bermudagrass, bindweed, giant smart
weeds, horse tail and chord grass; (3) in the areas of low rainfall, 15-20
inches, annuals are replaced by the more resistant bindweed, indian grass, L
buffalo grass, bluestem and Johnson grass.

It |

)

] Control of woody plants along railroad rights-of-way is very impor- i3
) tant, and in the past has been rather difficult and an expensive part of a

] maintenance program. Dormant treatment of brush with brush killers has become
| more popular to some areas since it does offer a high percentage c¢f control. 12
The application can be made in the time of the year when the su.. ~tible crops
are not growing. Brush control methods used today on railroads 1i.. ‘ude dormant
sprays, basal application, modified basal application, cut stump, frill and =
girdle tree injection.

l An example of a weed control program for railroads that would be -s
representative for the southern part of the United States has been reported
by Lowry (1965) who was concerned with practices on the Cotton Belt Railroad
right-of-way. They sprayed 2,4-D and 2,4,5-T with noncrop areas and ammate o=
adjacent to crop lands in late summer and found that good coverage of follage
is sbsolutely necessary; usually no better than 85% kill is expected. The
resistant species on thelr trackline are sumac, persimmon, elderberry, green
| ash, red maple and buttonwood. The last three years they have been using "
bromacils with chlorates. The latt r knock down the growth and the bromacils
act as a soil sterilant.

Francisco and Aldred (1963) have discussed the program used by the
f Tennessee Valley Authority in controlling vegetation around their steam plants.
Their steam plants have an average of 25 miles of railroad which consist of -
line, .itchyards, transformer yards, end approximately 20 acres inside the
plant (fences, riprap on intake and discharge tunnels, etc.). It is rather
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difficult to select chemicals for vegetation control in these areas because
of two characteristics of the vegetation,deep penetrating root systems and the
plants' ability to spread. Examples of herbicides and their rates of applica-
tion that have been tested are as follows:

Railroads

Borate - chlorate mixture (35% active chlorate) - 6 1b/100 sq. ft.

Ammate - 300-350 1b/acre (Kudzu control)

Trysben - 8-10 1b acid equivalent per acre (Kudzu control)

Trysben - 4 gal in 100 gal of water used on sumac, conifers
persimmon, sassafras, black locust and willow

2,4-D - 6 1b

2,4,5-T - 6 1b (Trumpet Creeper)

Diesel o0il - 97 gal

Sodium TCA - 100 1b/acre, or

Borate Chlorate - 6 1b/100 sq. ft. Johnson grass.

Switchyards, Transformer Yards and Fences

Telvar-W (active) - 25 1b/acre
Aminotriazole - 10 1b/acre
Simazine - 50 1b/acre
Aminotriazole - 25 1b/acre

As a result of extensive field testing by TVA, the following con-
clusions have been drawn:

1. Because of the many types of vegetation established, a combination
of chemicals is required. '

2. The wet sprays are more expensive aind less effective.
3. Earlier applications would be more effective.

4. Chemical mixtures, either pellets or granular, applied by mechani-
cal spreaders would be more effective and eccnomical.

Their experience indicates that after the first year's treatment,
only spot treatment is needed in the second year. Two years later, again only
a spot treatment is required. They found that the most troublesome vegetation
to reoccur was trumpet creeper, honeysuckle, briars and crabgrass. The best
combination for spot treatment was a mixture containing 80% disodium tetraborate
Pentahydrate, 13% disodium tetraborate decahydrate (boron trioxide equivalent
43%), 3% 3(p-chlorophenyl)-1,1-dimethylurea (monuron) and 1% trichlorobenzoic

acid (TBA).
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Pigelines

The first pipeline constructed to transport oil under pressure was
‘laid down in 1865 (Bell, 1965). This line was 5 miles long, having a 2-inch
diameter pipe and was able to move about 800 barrels of crude oil a day. The

pipeline is a great saver of money in the transport of crude and petrochemicals.

A gallon of oil cen be moved from the East Texas oil fields to Toledo, Ohio,
for less than a penny. There are more than three million acres of pipeline

- rights-of-way in the United States (Bell, 1965) and less than 30,000 (1%) re-
celve any form of chemical treatment. One of the reasons for the small amount
of brush control on pipeline rights-of-way has been the history of poor public
relations between companies and land owners (Bell, 1965). 1In 1940, the Justice
Department brought suit against virtually all the Pipeline companies in the
United States, charging excessively high tariff, which resulted in refunds and
rebates to shipper-owners under the guise of earnings or dividends. This was
supposedly in violation of the Elkins Act. Later, the pipeline companies and
the . ;tice Department entered into a consent decree in 1941, which many people
regarded as admission of guilt on the part of the pipeline companies. Tmproved
technology, expanding petroleum demands, and in general, the realization of
their public relations image caused some companies to alter their negative
public relations attitude.

The petroleum industry has a need for vegetation control for (1) re-
moval of fire hazards, (2) serial surveillance of pipeline for detection of
breaks, (3) control of noxious weeds, and (4) establishments of good public
relations.

Vegetation control is needed arou e types of areas connected
with the recovery and transport of crude oil

1. Christmas tree-valves and piping at the well site

2. Tank battery - this is a group of storage tanks that the crude
oil flows into from the well head or Christmas tree

3. Related facilities
a. heaters
b. valve manifolds
(1) ccrmiressors
(2) field offices

(3) gas plants
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The sequence of a management program for the control of vegetation
in these areas would inclu” : (1) a survey to determine soil types, vegeta-
tion density and type, (2) ormulation of a program to use the proper types
of herbicides, (3) use trained personnel for application, and (4) keep adequate
records so that one can evaluate the cost of controlling the weeds.

Prior to World War II, vegetation was controlled mechanically, using
crews of men with hoes and rakes and cutting devices to remove the weeds on
all company property. Other methods were tried such as the use of oil and salt
water. Crude oil was not satisfactory because the concentrations required to
sterilize soil conditions constituted a fire hazard. The use of salt water,
although a fair herbicide, involved cost of application and transportation which
was prohibitive. Hubbard (1965) has the following to say about the Humble 0il
Company spray program. An example of the size of the areas to be treated around
the various facilities is as follows:

1. Christmas trees - 30 ft x 30 ft.
2. Piping manifolds and remote heaters - 100 sq ft.
3. Field headquarters, compressors and gas plants - 1/2 to 5 acres.

The wells, based on 40-acre spacings, distance between fields, 50
miles, amounts to about 93 acres of small plots within the boundaries of an
area encompassing 12,600 sq miles. As a result of the Humble 0il Company's
experience with soil sterilants (Hubbard, 1965) they have settled on an initial
treatment consisting of 30 1b/acre of diuron or monuron, mixed with a surfactant
and 400 gal of water per acre. They followed this application with spot re~-
treatment in July, which consists of 30 1b/acre of bromacil with surfactant and
ICA mixed in 400 gal of water. Some of the cost evaluations are as follows:

1. Prior to World Var II, hand control of weeds, depending upon
locaticn, costs from $300 to $800/acre.

2. The use of soil sterilants runs from about $100 to $275/acre.

3. The cost of application of monuron or diuron in the above
described procedure, including factors which influence the
treatment costs is type of soil, type of density in growth
and density in number of facilities treated. The total
treatment costs varied from $51.38 to $192/acre with labor
costing $25.96 to $88/acre and material from $25.42 to
$148.29/acre.
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Firebreaks

Firebreaks are convenient methods to limit fire spread in forests
and on rangeland. This is usually done by cultivating a soil barrier around a
designated area. In the Nebraska sand hills, the Bessey National Forest uti-
lizes disked strips. There are some inherent disadvantages in this technique
in that it exposes the sandy soil to wind and water erosion. An excellent paper
has been reported by Bovey and McCarty (1965) describing the testing of 31 soil
sterilant herbicides. A list of the herbicides used in this treatment with the
application rates are shown in Table III-B-5. The herbicides were sprayed with
a hand boom sprayer on square rod plots in triplicate. One series was used on
undisked land and another series on disked land. The predominant grasses in the
experimental areas were prairie sand reed, sand drop seed, little bluestem,
hairygramma; the broad-leaved species were lead plant, poison ivy, wild rose,
and sunflower. In these tests, all effective herbicides applied as foliar
sprays lost their effectiveness after the first year (Table III-B-6). On the
disked arees, however, simazine at 40 lb/acre, diuron at 7.5, 15, and 40 lb/acre
and BMM* at 1,300 lb/acre remained effective for at least two years. Diuron
gave the most effective vegetation control of all the chemicals tested.

TABLE III-B-5

VARIOUS EXPFRIMENTAL HERBICIDE APPLICATION RATES ALONG
FIREBREAKS TO CONTROL GRASSES AND BROAD-LEAF VWEEDS

Application Rates

Chemical (1b/acre)
Exbon 60, 80, 100
Atrazine 7.5, 15, 40
Dalapon + (Atrazine-simazine) 3.75 + 1.5
5+ 20
5 + 40
Paraguat + (Atrazine-simazine) 1+ 10
1l +20
1l + 40
Amitrole + simazine 2.5 + 7.5
5+ 15
10 + 30
Simazine 3.75 - 40
Atrazine 3.75 - 40
Diuron 3.75 - 40
BVM* 162.5 - 1,300

Disodium tetraborate 93.1%, monuron 3% and TBA 1%.
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_ TABLE III-B-6

CONTROL OF VEGETATIONE/ ON FIREBREAKS UTILIZING VARIOUS
HEPEICIDES SINGULARLY AND IN COMBINATION

Control Evaluati onP./

3
Application Rates Seasons
Herbicide < (1v/acre) 1962 1963
Undisked
" Erbon 60 904/ 40%
80 90 !
e el s MO He e
Atrazine 7.5 25 5
15.0 40 20
_____________ 0.0 _ _ _ ______8 ______5_____
Dalapon 3.7 + 7.5 85 15
5+ 20 90 20
e mmmmm o _5*8_ _ ______20______ 60 _ _ __._
Disked
Paraquat 1+10 70 20
1+20 65 20
sy, o awm = van= E MO L s o 9% _ _ . ___ 20 _____
Amitrole
+ simazine 2.75 + 7.5 5 0
5+ 15 70 20
_____________ 10+30_ _ ______680_____2_____
Simazine 3.75 80 65
) 7.5 75 40
15.0 85 70
_____________ 0.0  _ _ ______9_____100_____
Diuron 3.75 80 55
7.5 100 100
- 15.0 90 95
_____________ 40.0 | _ _ _ _____9_____20_____
BMM 162.5 95¢/ 80
325.0 100 80
650.0 100 90
1300.0 80 100

a? Vegetation--grasses and broad-leaf.

y Time from treatment to evaluation--1 and 2 years.
¢/ Average percentage of three replicates.

Source: Bovey, R. W., and H, K, McCarty, Establishment of firebreaks in
forest and rangeland with herbicides. J. Range Mgmt. 18 (s),
282-283 (1955).
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Some Aspects of the Ecology of Rights-of-Way

The rights-of-way for power, communication, roadways, and pipelines
are unusual noncrepland areas in that they are a continuous network extending
for thousands of miles over the United States. The rights-of-way pass through
all of the environments represented by a broad spectrum of climatic and edaphic
systems. The vegetation along the rights-of-way is as diverse as all the vege-
tation patterns represented in the country. Obviously, rights-of-way traverse
many types of ecosystems. Furthermore, the rights-of-way for power, communica-
tion (nonroadside lines), and pipelines may exist relatively undisturbed by man
for long periods of time. In contrast, roads and railroads represent entirely
different ecological systems which are continuously disturved by population
pressure, noise and pollution.

The greatest change that takes place in rights-of-way from an eco-
logical viewpoint is the initial disturbance of the vegetation. The disturbance
of the fauna and lower forms of organisms is secondary. In rights-of-way, we
have a complex of interactions between trees, shrubs, herbs, animal life,
arthropods, mollusks, fungi and other organisms. The ecological relationships
among these biota and the abiotic factors of the environment represent an
ecosystem.

Power, communication and pipeline rights-of-way are usually cleared
initially by mechanical means, whereas thereafter they are maintained largely
by herbicidal treatment, combined in some instances with mechanical methods.
The maintenance of rights-of-way is necessary along power and communication
lines in order to keep the area close to the wires free of vegetation., If the
foliage is allowed to return to its original state, access would be denied to
maintenance crews and there would be a risk of '"shorting" occurring between
high-voltage transmission lines and tlie vegetation. Niering (1961) has sug-
gested one form of management of right-of-way vegetation that is based on
sound ecological principles.

1. Central part of right-c -way, directly under the wires. All
tall-growing trees which might eventially grow or fall into the lines are
removed. Low-growing shrubs and scattered taller shrubs are preserved. 1In
general, shrubs that eventually grow over 3 ft in height should be removed if
they occur in large colonies which spread over the ground for distances of
25 ft or more. A trail 8 to 10 ft in width, preferably composed of grasses,
should be maintained in order to permit access for inspection and repair. A
similar pattern is recommended around the bases of poles and towers.

2. The sides of the right-of-way, between the outermost wires and
the forest edge. Tall-growing trees which might eventually grow or fall into
the lines are removed. Therefore, along the sides all shrubs and low-growing
trees are preserved to form the densest possible cover so as to resist future
invasion by trees.
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5. Forest edge adjacent to the right-of-way. Here tall-growing
trees are removed befnre they reach the height of the wires. 7This eliminates
the danger of trees falling into the wires and avoids costly cutlting opera-
tions in the future.

There are a number of interests involved in maintenance of rights-
of-way, the utility company, the land owner who has granted the easement, the
county and state highway commission and the gereral public who have a high
exposure to the roadways and railways. There is probadbly no form of vegeta-
tion management that is as obvious to the general public as that exercised
along our vehicular rights-of-way. The conservation minded public and the
land owner, and in some sense the general public are interested in these
areas from the standpoint of the values that could be derived from the areas,
if properly managed (Niering, 1958).

1. General conservation values, These values are recognized by
all conservation-minded groups. They are important for the greatest social
good - now and in the future.

2. Wildlife habitat. The concern of biologists in general, in-
volving various clubs and societies. Here, wildlife includes song birds.

3. Game habitat, This is the chief interest of the various State
Game Departments as well as sportsmen and sportsmen's clubs. The values of
the rights-of-way are for the production of and to increase game populations
and not as shooting areas.

4. Forestry values. The concern of foresters, primarily in obtain-
ing suitable stands adjacent to the rights-of-way and removing threats of
disease or insects to timber species.

S. Habitat for flowering herbs and rare plants, Of particular
interest to State Botanical Societies and to professional and arateur natural-
ists 'and botanists. The preservation of species or associations that might
otherwise become extinct is of primary importance.

6. Landscape and aesthetic values. The concern of Garden Clubs
and the general public, especially where lines cross or are seen from public
roads.

There have been three relatively long-term controlled vegetation and
ecological studies carried out on definitive areas of vegetation; Aton forests
(400 acres) in Northwestern Cornecticut initiated in 1946 (Egler, 1947, 1948,
1950, 1953); the Connecticut Arboretum right-of-way demonstratioi initiated
in 1953 (Niering, 1957, 1960); a 3 mile section of the Pennsylvania Electric
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Company's power line in Centre County, Pennsylvania, started in 1953 (Bramble
and Byrnes, 1955a, 1955bh, 1956, 1957, 1958, 1966, 1967). The objective of
Egler and Niering's work was to develop a vegetation 2ontrol management system
that would lead to a stabilized plant community. The approach was to selec-
tively siray to promote the growth of a varied mixture of grasses, forbs and
shrubs. (he develooment of shrublands was considered by Egler to be closed
comuunities not Leing invaded by tree seedlings. He felt that the summer foli-
age blanket shraying was not successful in controlling the growth from root
suckering species such as tlack locust, ailanthius, quaking aspen and sassafras.

Eglex (1953) outlined some principles of vegetation management. He
indicated that rights-of-way were nothing more than nonforested land which
tend to develop into “~rests. All new disturbed aress tend to progress more
or less quickly to some forest type. The normal course of development from
open land to forests passes through the following stages: (1) annual weeds,
(2) grasslands, (3) shrublands, and (4) forests. He dealt with two inter-
pretations of physiognomic development, namely relay floristics and initial
floristics composition. The theory of the former assumes that the invasion
of new species is in turn killed out by the species of the previous stages.
He spoke of initiai floristic composition as a hypothesis assuming that the
sequential invaders, weeds, grasses, forbs, shrubs and trees are all present
on or in the soil at the beginning following an over-grazing, a fire, or
other types of destruction, existing in the form of seeds, seedlings, or shoot
producing roots.

Gratkowski (1967) has pointed out that in brush field reclama-
tion the ability of plant species to germinate, survive, grow and reproduce
in a habitat depends upon their efficiency to compete for light, soil mois-
ture and nutrients. Competition for light is the function of the above ground
portions of the plant, whereas the competition for soil moisture and mineral
nutrients :re confined to the root systems. Gratkowski notes that the number
of research efforts for the study of root systems has been limited and that
much of the information is contradictory. The competition for nutrients by
root systems is not as severe as competition for soil moisture. Gratkowski
cited a paper by Tew (1966) who studied the depletion of soil moisture by
Gambel oak in northern Utah. He estimated that Gambel oak extracted 11 to 13
inches of moisture from the upper 8 ft of the soil during the growing season.

Niering (1961) reported on the techniques used at the Connecticut
Arboretum for managing a utility right-of-way plot 1,500 ft long. They utilized
both knapsack sprayers as well as commercial power equipment. Basal treatment
gave effective root kill in all seasons,but the root collar applications weremore
effective. White oak showed some resistance to root kill. Stem foliar treat-
ments were not too successful against sassafras and acpen and they frequently

46



resurged profusely after spraying. Late or mid-summer basal or root collar

treatments were effective on aspen as well as sumac. Niering was interested

in preserving low shrubs, such as huckleberry, low tush blucberry, sweet fern

and others which have & tendency to form a tight ground cover and prevent the

invasion of tree seedlings. Also the shrubs and low trees that are left

provide excellent food and cover for wildlife. |

Currently, spraying of power and communication rights-of-way is
accomplished by the use of helicopters, fixed wing aircraft and mobile units
along the roads. It is common practice in the southern deciduous-pine forests
to spray the rights-of-way every three to five years. The spraying is con-
trolled to reduce the height of the vegetation and much of the right-of-way
does not revert tc a grassland stage. The advent of aerial application has
Solved the difficult logistics of transporting herbicides by carriers for
long distarces into inaccessible areas. In recent times, there are two prob-
lems involving the cost of right-of-way maintenance that have become more
raremourt than all other factors, and that is cost of and the lack of sources
of qualified manual labor.

For example, agricultural practice in recent times has been char-
acterized by the elimination of the smaller farms in order that the utiliza-
tion of modern high priced farm equipment might be more efficient. The farm
hand, the "hired hand" of the 1920 era anrd before has almost totally dis-
appeared from the scere,

There is a question whether the selective basal or root collar
technique is feasible from an economic standpoint. This approach to vegeta-
tion management appears to have been successful at least over the period of
time that reports are available. It would be valuable for its complete ap-
praisal if cost data were available.

Some comments of Hampson (1966) concerning the use of knapsack mist-
blowers on the National Lead Company main power transmission line rights-of-
way in northern New York is of interest here. They have evaluated the
method. for two years in a preliminary study and have five years of fi2ld test
experience. Hampson felt that the selection of an optimum approach to brush
control for given set of circumstances involves the skillful blending of two
factors: treatment cost and long-term effectiveness. A very expensive
treatment, such as cutting and stump spraying may be justified if it provides
adequate control for sufficient long period of time.

They used a low volatile ester of 2,4,5-T, containing 4 1b. of acid
per gallon. They sprayed the 100-ft right-of-way, utilizing three operators
working abreast. Daily ground coverage of three operators ranged from 10 to
25 acres. The cost breakdown for herbicides, labor, supervision, vehicles, o
mistblower expense for a 200 acre plot, was $27.78/acre. 5
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Problems concerning mistblower operation: (1) application of
2,4,5-T left softwood stems largely unscathed, (2) limiting problem in small
areas with tell brush, up to 30 or more feet in height, they resorted to
using ultra-light direct drive chain saws, (3) 20% of the cost of brush con-
trol was distributing the bush chemical along the rights-of-way.

Bramble's studies summarized in 1967 were concerned with the ecolog-
ical aspects of brush control. His objectives were (1) to determine the
effectiveness of chemical brush control on game food, and cover, (2) to study
the game usage of the treatment areas, and (3) to follos the effectiveness of
the original treatment of brush control with and without subsequent sprays.
This series of ‘udies, reported over a period of years from 1953 to 1967,
represent the best in depth examination of the relation of spraying to the
ecological aspects of the spreyed areas. He employed six brush control treat-
ments in four replications. One year following the initial spray, a follow-
up basal spray was applied to one-half of each treatment area of five original
treatments. Treatments and follow-up sprays were as follows:

A. Unsprayed, cut as needed for control.

B. Broadcast foliage spray of 2,4-D plus 2,4,5-T butoxyethanol
esters, half and half; at a concentration of 4 lb. aehg (acid equivalent per
100 gal) in water. Applied June 1953.

C. Oil-water, semi-basal spray of emulsifiable acids of 2,4-D plus
2,4,5-T, half and half; 3 gel of spray material to make a concentration of
6 1b. aegh in an oil-water carrier consisting of 10 gal of No. 2 fuel oil in
87 gal of water. Applied June 1953.

D. General summer basal spray of emulsifiable acids of 2,4-D plus
2,4,5-T, half and half, at & concentration of 12 1lb aehg in No. 2 fuel oil.
Applied June 1953.

E. Selsctive winter vasal spray of 2,4,5-T butoxyethanol esters
at a concentration of 12 1b. aehg in No. 2 fuel oil. Applied February 1954.

F. Broadcast foliage spray of ammate at a concentration of 3/4 1b/
gal of water; 4 oz of DuPont sticker-spreader were added per 100 gal of spray.
Applied June 1953.

B-D, C-D, D-D, E-D, F-D - A follow-up basal spray (D) applied in
June, 1954 (June 1956, for E-D) to one-half of each replication of treatments
B, C, D, E, and F. The follow-up consisted of a summer basal spray using ACP
formula 1054-E containing 2 1b. of 2,4-D and 2 1b. of 2,4,5-T per gallon,
used at the rate of 16 1b. aehg in fuel cil.
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In regard to the control cf woody plants of all the spray treatments
listed above, the semi-basal spray was superior to the other treatment (Table

I1I-B-7).

TABLE III-B-7

TOTAL NUMBER OF WOCDY PLANTS PER ACRE IN THE SHRUB
IAYER, OVER 3 FT IN HEIGHT, IN JUNE 1965,
13 YEARS AFTER ORIGINAL TREATMENT

Total
Misc. Minus
Bear Other Red Sassa- Witch- Hard- Sassa-
Treatment _Oak  Oaks Maple fras hazel Cherry woods Total fras
Single Initial Spray
A Unsprayed 152 374 154 74 184 4 14 956 882
B Broadcast
D+T 90 6 0 2 12 0 0 110 108
C Semi-basal 38 4 0 0 18 0 0 60 €0
D Summer Basal 68 44 32 334 64 10 4 556 222
E Winter Basal 143 124 30 748 87 4 0 1136 388
F Brradcast
Ammate 14 20 112 8 78 10 0 242 2724
Initial Spray with Follow-up Basal
B-D Broadcast
D+T 14 2 0 4 8 0 ¢ 28 24
C-D Semi-basal 12 8 10 0 18 40 4 92 92
D-D Summer
Basal 20 32 20 4 110 96 4 2€6 282
E-D Winter
Basal 57 20 0 16 3 0 0 96 80
F-D Broadcast
Ammate 6 4 2 2 56 0 0 70 68

Source: W. C., Bramble and W. R. Byrnes (1967).
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The summes and the winter basals were the poorest due to the lack of
effectiveness of controlling sassafras. A combination of an initial spray
plus a follow-up basal spray was more effective than the init‘al spray. The
best control was obtained in the 2,4-D + 2,4,5-T plus basal spray plots. The
semi-basal and winter basal with a follbw-up basal spray were only slightly
poorer than the other treatments.

One of the objectives of the experiment was to develop a stable
ground cover. The selective basal sprays were highly successful in maintain-
ing the original Bracken-Hedge-Herb-Blueberry plant community. The broadcast
spray areas returned to essentially the original plant components in five
years.

Bramble and Byrnes (1955, 1956, 1958, 1967) studies of the trends
in animel populations in the various test plots is highly important from an
ecological viewpoint. Their observations are summarized as follows:

Deer - Observed in all areas and the total usage of these
areas was increased.

Grouse - Observed in all areas.

Turkeys - Used treatment areas, broadcast foliage spray areas,
flocks were observed in the summer when they fed
upon insects.

Squirrels - Use of rights-of-way was along the edge where most
producing trees were concentrated.

Rabbits - Increased in the treatment areas.

A1l the major species of plants composing the dominant plant cover
were used by the major game species found in the area (Table III-B-8).

Gysel (1962) began a study of vegetation changes and animal use of
rights-of-way in 1957. Some of his observations after five years are as
follows:

1. Most marked changes in plant density and species ccmposition
occurred where foliage spray was used.

2. Only minor changes occurred in plant communities where basal
treatment was used.
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5. A variety of trees, buches, and herbs occurred in both sprayed
and unsprayed areas.

4. Many kinds of fruits and much browse was available to wildlife
species.

S. Sixteen species of mammals and 19 species of birds were trapped
or obse€rved in the rights-of-way.

6. Rabbits, deer, grouse, and pheasants utilized %ne rights-of-way
(treated and untreated areas) during the winter.
TABLE III-B-8

UTILIZATION BY GAME OF COMMON PLANT SPECIES THAT OCCUR
ON_THE RIGHT-OF-WAY AS OBSERVED AND RECORDED

Deer Grouse Turkey Rabbit
Herbs and Grasses Sp SuFWw Sp Su F W SpSuFW Sp SuF W
Bracken HH -- = m= H = = 3 === =t N
Sedge H L LH - - LL L HLL - - e
Loosestrife HH -- - e e = = = = = EL: e
Panic Grass L L - -« L - - H HH HHH
Golderirod L L - - 5 = sl Sk - H H+=
Fireweed L - - . 5 & =% s = == F
Shrubs
Blueberry H L LH - H HH - H - 1L L L LH
Teaberry L L LL H E HH - L LL - - - -
Blackberry L L LL L H HH - H LL H H H
Sweetfern H - HH - -« LL = = e = =i e
Witchhazel L L LH - - HH - - HL - - =1L

ﬁ_;'Eaten commonly o heavily utilized.
L = Eaten rarely or sparsely utilized.
Season - Sp, spring; Su, summer; F, fall; W, winter.

Source: Bramble, W. C. and W. R. Byrnes (1967).
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C. Ferbicides in Forestry

Nearly one-third of the land area of the coterminous United States--
638 million acres eltogether--is wooded. Much of this forest is not managed,
sirce it is found on rough, poor land, often in mountainous areas. Ot the 502
million acres of "commercial forest," a substantial 30% is forested farmland.
The geographic distribution of forest areas by types is shown in Figure III-C-1.

Herbicide applications in forestry have been most intensively devel-
oped and practiced on the 66.7 million acres maintained by commercial forest
industries, and on the 91.5 million acres of National Forest lLand (Table
III-C-1).

TABLE III-C-1
. OWNERSHIP AND USE OF FOREST LAND

IN THE 48 UNITED STATES
(Thousands of Acres)

% of Commercial

Acreage Forest
Commercial Forest LandE/
Federal 107,582 21.4
National Forest (91,500 (18.2)
Other Federal (16,082) (3.2)
State, County and Municipal 28,058 5.6
Private - 366z354 73.0
Forest Industries (66,628) (7.0)
Pulp and Paper (35,022) (5.2)
Lumber (26,113) (1.1)
Other (5,493)

Farm (150,651) (30.0)

Other Private (149,075) 29.7)

Total Commercial Forest Land 501!994 100.0
Noncommercial Forest land 136,401
Total Forest Land 638,395

g/ Commercial Forest lLand includes all land which was producing or was physi-
cally capable of producing usable crops of wood as of January 1, 1963,
E/ Figures in parentheses represent breakdown by ownership of the major forest
classes.
Source: Statistical Abstract of the United States, 1967, p. 658. U. S, Dept.
of Commerce, Bureau of the Census.
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Historicali Background

Although chemicals are not new to the field of forest management,
relatively 1little use of herbicides was made prior to 1945. An important
reason why herbicides were not widely used had to do with the limitations of
the chemicals that were then available., The history of herbicides in forestry
has been reviewed by McQuilken (1960). Sodium arsenite wrs used to kill woody
plants, and ammonium sulfamate was used for nonselective weed control. There
was a recognized need for better silvicides, and for seiective weed-control
chemicals,

As early as 1945, information was being acquired on the effects of
2,4.D on forest plants. Stahler (1945) reported that white and jack pines,
white and black spruces, red cedar, and some dogwoods were uninjured by
1,000 ppm of 2,4-D. He also found that seedlings of American elm, hard and
soft maples, cottonwood, and alder were quickly killed by similar concentration
in mid-May, but reacted more slowly to summer and fall applicaticns.

Deta from early University of Minnesota studies are summarized by
Buchholz (1946), together with other regional information comparing results
using various 2,4-D salts, amines, and ester formulations on 18 woody plants,
including species of Pinus and Juniperus. This summary also rated the plants
under "killed, resistant, and variable." Annual surmeries were prepared by
Melander (1947, 1948, 1949, 1950), Hansen (1951, 1952, 1953, 1954, 1955, 1956),
Kuntz and Holm (1960, 1961), and Beatty (1960), giving the results of regional
research on woody p:ants.

While considerable management use of herbicides as well as the early
research on phytocides involved ground applications by back-pack sprayers and
powered equipment, large-scale forestry application may be considered to have
started with the aevelopment of aerially applied treatments.

In 1949 and 1950, the first reported (Offord et al., 1950) use of
helicopters for applying phytocides to forests described the application of
2,4-D and 2,4,5-T for purposes of eradicating Ribes, for suppressing brush in
forest plantations, and for a desiccant preliminary to burning in the forest.
In 1951, two tests were made in Minnesota or the use of aerial applications
for silvicultural purposes. One tested tho effectiveness of 2,4-D fur low-
land brush control (Roe, 1952) and the other tested for release of jack pine

from heavy oak competition.

Chemical debarking prior to harvest, using sodium arsenite, was
introduced in Canada in 1942. Considerations of toxicity, corrosion and
losses due to bark beetles have led forest managers to look for better
cnemical agents.
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Current Uses of Herbicides

Since 1945, continuous advances in chemical formulations and appli-
cation methods, as well as extension of knowledge about specific action of
various herbicides and the accumulation of years of practical experience,have
helped to make herbicides a standard tool for forest management.

Today, herbicides are employed at every stage of silviculture, from
land conversion and nursery planting to the harvesting of mature timber
stands.

Forest management* and silviculture primarily involves measures de-
signed to control competition among forest species and to provide favorable
growing conditions for the preferred species. Herbicides, such as the chloro-
phenoxy compounds, amitrole, atrazine, picloram, cacodylic acid and fenuron,
enable foresters to provide the kind anc degree of control needed in various
stages of forest cultivation. Some of the more important areas of herbicide
use will be described briefly.

Forest Nurseries

Forest-tree nurseries present weed-control situations which differ
from most other types of plant culture. The usual system of growing seedlings
of a single species at relatively high density in thousands upon thousands of
linear feet of 4-ft wide beds is perhaps unmatched in megnitude and intensity
among other plant-propagation practices.

Weed control is one of the major nursery production costs, but can
be justified in terms of the high cash value of the crop involved. Hand-
veeding is still necessary in all nurseries. Chemical herbicides, where {
applicable, may reduce weeding costs by more than 50%.

* The Society of American Foresters (1958) defines forest management as
"The application of business methods and technical forestry principles to
the operation of a forest property." Davis (1965) indicates the range
of technological and business tasks involved:

Technological Aspects Business and Social Aspects
Silvics &-silviculture Fire control & use Economics Marketing
Mensuration Wildlife Organization & Business law
Logging & milling Recreation administration Labor relations
Wood technology Grazing Finance Real estate
Pathology Weter Accounting Social & poli-
Entomology Civil engineering Statistics tical science
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The weed-control chemical used most widely in forest nurseries has
been mineral spirits. Applied undiluted, at rates of 25 to 50 gal/acre of 5
seed beds, these solvents prcvide selective weed control for pines, spruces,
and firs. Because a few conifers, notably the larches, cannot tolerate oily
sprays, safer herbicides are being sought.

Planting-Site Preparation (Conversion)

Land whicl needs planting to restore it to timber production is
normally covered with brush or small trees of inferior quality. Brushfields
and cut-over areas must be convertei for successful planting and reforestation.
Often such clearance is accomplished by mechanical means, or by prescribed
burning. Herbicides are now used to an increasing extent in site preparation
for forest planting. .

Site preparation generally includes: (1) removal of brush or
herbaceous cover; (2) grading or removal of physical obstacles; and -
(3) scarification of the ground surface to provide a more favorable seedbed
for direct and natural seeding. The most effective and widely used herbi-
cides are low-volatile esters of 2,4-D and 2,4,5-T. Other chemicals used on
special sites include silvex, amitrole and amitrole-T. Aerial application of
atrazine #t 2 io 4 lb/acre to control grasses anud herbaceous vegetation has
been a noteworthy recent development.

Bentley (1967) has described brushfield reclamation within the com-
mercial timber zone of California. During the period, 1962-1965, careful
studies of herbicides on the Sierra Nevada and Cascade Ranges have served to
Promote confidence in herbicides and to prepare guidelines for their use on
accessible land. Brush is cleared by various combinations of bulldozing and
burning. Timber sites on steep or rocky land can be sprayed with herbicide
to prepare the brush fuel; followed by prescribed burning.

The control of brush regrowth is essential regardless of the method
used for clearance. Broadcast spraying or aerial spraying with hexrbicides
over several years is required to suppress brush with minimum damage to pine ?
seedlings. Application of 2,4,5-T at 4 1b. (acid equivalent) per acre in
Auvgust or September causes little or no damage to pine seedlings. But where
swaths overlap and the rate is doubled, some damage to seedlings has been
observed. In some trials, however, no damage has been found when 8 lb/acre
was applied without overlap.

In the eastern United States, a common brushland cover is the scrub
oak type, of which Pennsylvania has upwards of 200,000 acres. McQuilkin {1960)

-d
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has reviewed herbicide history and uses at all stages of silviculture for
this region. f

The South has different problems. In Florida, the brush problems
with titi (Cyrilla racemiflora), turkey oak (Quercvs laevis), and wiregrass
(Aristida stricta) have been described by Beers (1961). In swamp conversiou
vwhere heavy equipment is impractical, there is no mechanical alternative to
the use of herbicides.

Low quality hardwood sites can be prepared by applying pelleted
herbicides to the soil. Shipman and Eichert (1967) summarized results ob-
tained with four chemicals: fenuron, picloram, dicamba and fenuron with TCA
(Table III-¢-2), Forestry studies with solid forms of herbicides have been
actively pursued by a number c¢f investigators, including: Herron and Newman
(1961), Shipman (19632 & b), Sowers (1964), Eichert (1965), snd Shipman
(1966a & b).

Release of Desired Species

Herbicides are the standard tool for minimizing competition from
undesirable plants, and promoting growth of the desired species. The most
common forest application of herbicides is release of conifers from deciduous
hardwoods in mixed stands.

Although hardwoods may be treated by hand or power spray from the
ground, the development which has made release economical is large scale
aerial spraying of 2,4,5-T. The selectivity of 2,4,5-T acts upon hardwoods
with little injury to conifers. One of the first published reports of aerial
release was by Hawkes (1953) in the Pacific Northwest. About this same
time, Arend et al.(1953)conducted tests at the Lake States Station; the next
zear,)the first aerial release in the Northeast was performed by McConkey

1954).

Undesirable hardwoods are encroaching on pine land" in the Southeast
at a rate of 600,000 acres/year. To control such veed trees, the low volatile
esters of 2,4,5-T and 2,4-D are used almost exclusively. Rates of application
range from 2 to 6 1b (acid equivalent) per acre. Arend (1960) has reviewed
the factors associated with application both from fixed-wing aircraft and from
helicopter. The choices of carrier, spray volume and seasonal timing of
application are all important in the degree of top kill obtained. Some
workers report improved results from the use of invert emulsions (Darrov,
1959).
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According to Theisen (1967), about 99% of release treatment in the

Pacific Northwest is done by aerial application of herbicides from helicopters.

The remaining 1% is sprayed with back-pack mistblowers, or by direct applica-
tion of herbicide to axe frills cut in the trunk. In the last 12 years, about
34,000 acres of the Siskiyou National Forest have been treated.

Even though lov volatility formulations (iso-octyl ester, 2,4,5-T)
are used, special precautions are observed to guard against possible damage
due to spray drift. Aerial spraying is not permitted whenever any of ths
following conditions occur:

(1) Wind exceeds 6 miles/hr,

(2) Temperature exceeds 75°F,

(3) Snow or ice covers brush,

(4) Rain is falling,

(5) Foggy weather occurs,

() Relative humidity is below 50%, or

(7) Air turbulence is sufficient to affect the normal spray pattern.

Timber-Stand Improvement

Elimination of cull trees in low quality pole- and saw-timber stands
is generally called timber-stand improvement (TSI); in commercial forest
plantations, such selective tree killing is termed "thinning." By whatever
name, undoubtedly more chemicals have been used over a longer period in this
kind of forestry work than in any other. Tree girdling was used in the days
of CCC work; today modern silvicides are used to do the job faster, more
reliably, and at lower cost.

Although aerial spraying is used vhere nearly complete suppression
of hardwoods is needed in pine, spruce or fir stands, for the most part, the

man on the ground applying individual treatment to cull trees is indispensible.

With financial support from the Agricultural Statilization and
Conservation Service, and the Farmers Home Administration, many of the mar-
ginal stends of pole-size timber have been culled, cut and thinned. Usually
the trees are cut and the stumps sprayed with 2,4,5-T in fuel oil to prevent
sprouting. Alternatively, brush killer can be applied in frills cut into the
bark, and trees left standing.
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Commercial Chemi-Thinning

A plantation established at the older conventional spacing of
6 x 6 ft requires thinning after about 20 years in order to maintain good
growth. The more modern spacing of 8 x 8 ft does not require thinning until
trees are about 5 ft 7 inches in diameter at breast height.

To reduce the cost of thinning in commercial plantations, specialized
chemical applicators have been developed. The cut surface method, or '"hack
and squirt" application is widely used. O0il cans or plastic squeeze bottles
are used to apply 1 to 2 ml of herbicide into a frill or axe cut. Various
commercial tree injectors are available tv meter in a predetermined shot of
chemical. The Newton Axe or hypo-hatchet injector is new, but is finding
favor with some foresters in the Pacific Northwest.

Finnis (1967) reported on trials of various chemicals for thinning
commercial forest stands in order to leave dominant trees at a 12 x 12 ft
spacing, or about 300 trees per acre. This type of thinning requires killing
off about 800 to 1,200 trees per acre. Ammonium sulfamate gave very poor
results as did 2,4,5-T amine salt. Promising results have been obtained with
both cacodylic acid and picloream in various commercial formulations. Species
susceptibility, seasonal effects, extent of flashback and cost reduction are
problems requiring continuing study.

Chemical thinning has several important advantages over conventional
felling methods. Cost is the major benefit, since chemical treatment elimi-
nates the major task of pulling down cut stems, lowers investment in equip-
ment, improves safety, and eliminates long-distance packing of heavy supplies
and equipment. Cost of chemical thinning increases rapidly with increasing
density of stems to treat, although not in proportion to the density of the
stand. Other important benefits from chemical thinning are the reduction of
fine fuel on the ground, stiffness of treated stands against wind and snow,
reduction of slash hindrance, protection against sunscald and resistance to
insect attacks.

The cost reported by Finnis involved 8 to 10 man~hours, plus chemical
costs of $2.50 to $7.10 per acre, depending on the chemical used. Thinning
with power saws in comparable stands took twice as long per acre; saw-rental
cost for the increased time was more than the chemical cost.

Chemical Processing before Harvest

Depletion of virgin timber stands has already shifted most of the
forest industry from old-growth to young-growth utilization. Second-growth
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stands yield low volume per log. Two relatively nev methods are being studied
which may meke the harvest of smaller trees more attractive economically:

(a) chemical killing of trees %o permit air drying of standing timber before
logging, and (b) "sour-felling" or cutting the trees normally, tut leaving
them untrimmed and unbucked to dry by transpiration from the untrimmed and
live crown (not widely used in the United States).

The introduction of reliable "one-shot" silvicides has renewved in-
terest in chemical killing. Sodium arsenite, which has been used in killing
and debarking pulpwood, often gives unpredictable kill accompanied by
backflash.

Cacodylic acid as a potential une-shot silvicide was reported by
Smith (1965). More recently Holt and Newton (1967) have compared sour-felling
and chemical killing under a variety of conditions. Trees were treated with
cacodylic acid applied to axe cuts with an oil can. Trees treated in Nove.oer
began to show effects within two montns, the tops thinning as defoliation
took place from the top downward and from the branch tips inward.

The trees killied in the fall were 22% percent drier and 10% lighter

than control trees. This weight reduction permits a legally loaded truck to
haul an extra 720 bd ft per truckload.

Other Uses of Hurbicides

As a maintenance tool, herbicides arc used for establishing fire-
breaks (Bovey and McCarty, 1965), for roadbuilding and roadside weed control,
suppression of understory vegetation, and control of noxious plants. The
special role of herbicides in improving forest wildlife habitat will be dis-
cussed in a later section.

Herbicide Effects on Forest Ecology

All forestry uses of herbicides have one element in common: The
destruction of certain plants or species within the treated area. The most
common objective is to minimize competition, accelerating growth of existing
trees on the site, or to improve site conditions to a degree which will allow
reforestation.

A forest is a community of trees, shrubs, forbs, grasses, birds,

mammals, mollusks, arthropods, and microorganisms, living together in an
abiotic environment of air, soil, sunlight and water (climatic and edaphic
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factors). The viger and welfare of the organisms are dependent upon the
factors of the enviromment surrounding tlhiem; and the enviromment itself is
regulated to a considerable degree by the biotic community. Together these
biotic and abiotic factors form a complex and interdependent ecological system
in which each factor and each individual is conditioned by the others, and to
some degree affects others in the ecosystem. Such a complex never does and
never can reach any balance or permanence; it is constantly changing.

When any envirommental factor is changed or any species are elimi-
nated from the community, inter-related changes occur as a chain reaction
throughout the system. Many of these changes can be obscure or long-term
effects difficult to foresee, but the end result may completely negate any
short-term benefits. Successful manipulation of plant-species composition on
forest lands depends upon a knowledge of the ecology and the dynamics of com-
peting vegetation. One or more undesirable species of shrubs or brush may
be eliminated, only to have the space occupied by even less desirable plants.
The sometimes unavoidable removal of preferrad browse or forage plants may
cause animals to turn to young conifers as a substitute. Killing the dominant
vegetation, or modifying the composition of a plant community by removing some
components, can alter the abiotic factors of the environment as well.

The ways in which herbicides alter forest dynamics have been studied
by a number of investigators. Wewton (1967) reviewed the response of forest
cormunities to manipulation. Certain differences between normal plant suc-
cession and man-caused succession in desert, savannah, temperate forests, and
rain forests were described.

Vegetation management, most commonly, attempts to control succession
by application of broad-spectrum herbicides or by selective weed-control
practices. Only a few gereral response principles can be applied to all types
of vegetation. A primary concept, however, is that disturbances promote un-
damaged vegetstion to the detriment of the damaged species. Species favored
by herbicide treatment will tend to remain dominant longer than in a normal
succegsion. It is always true that species resistant to herbicides make up
a larger and larger component of communities subjected to repeated applica-
tions. Unplanned increases of undesirable components may often serve to
complicate further control measures.

In his discussion of temperate forests in which trees totally domi-
nate the plant community, Newton (1967) summarized some of the effects of
herbicides:

"Manipulation of herbaceous or shrub components of mature
(forest) communities has relatively little impact on the total
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vegetation, and return to equilibrium conditions may involve little
change. Removal of trees only, however, will result in rather rapid
release of growth by herbs and shrubs. Some understory shrubs have
a sreat capacity to respond to release. Treatments that favor such
species are effective in restricting re-development of trees as well
as herbs.

"Herbaceous species developing after devegetation in the.
more droughty zones of the temperate forest region are capable of
intensifying the drought conditions to the exclusion of seedling
woody associates.

"Woody species require substantially more time for their
establishment and emergence as dominants in a community than herba-
ceous species. The course of succession following total devegetation
on temperate fore:.t sites may differ compiLetely in the presence or
absence of livestock or browsing animals. Animals browse preferred
species, and trample any species. While it s not safe to generalize
as to the preference of animals for certain classes of plants, heavy
ugse by animals tends to trample or retard woody species to the ad-
vantage of herbaceous species. Thus the effect of a broadcast spray
that suppresses shrubs and tree species can be expected to last much
longer in terms of persistence of the pioneer herbaceous vegetation
if animals are present than if they are absent. This may not be de-
sirable in reforestation, however, because noncommercial species may
escape animals sooner than valuable trees.

"One of the most common forms of selective vegetation con-
trol in temperate forests is that of thinning, or stand improvement
by killing undesirable stems. This practice differs from other dis-
turbances in that the overstory remains intact, although some species
may be eliminated from the dominant canopy. In this way, the course
of succession is changed somewhat because some species may not be

"represented in climax or subclimax forests that develop. Response

to thinning by understory vegetation, and the duration of its exis-
tence, is proportional to the amount of site released. Under such
circumstances, animals will probably have little to do with the
course of subsequent succession, except insofar as they may restirict
development of coppice. A short term of succession in the presence
of animals is apt to ensue, however, because of the increase in at-
tractive forage species that usually accompanies an opening in the
forest canopy. Animals can have little to do with forest succession
after this, however, because dominant members of the overstory are
inaccessible, hence not subject to manipulation by their feeding
activities."
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Plant-animal interactions within the ecosystem may also affect com-
petition between two plant species on forest lands. Selective browsing °f
trees and shrubs is an important factor in competition between conifers and
brash species throughout the Pacific Northwest. Where rabbits, big game, and
other animals are apt to be a problem, users must take care not to eliminate
preferred browse species from the community, for the animals may turn to
conifers as a substitute.

Already, browse species have been seeded experimentally on some areas
in California (Baron et al., 19¢6) aad in the Pacific Northwest in an effort to
reduce browse pressure on conifers. Deerbrush ceanothus (Ceanothus integerrinms)
and redstem ceanothus (Ceanothus sanguineus), recognized as excellent browse
species, have been seeded for this purpose on forest lands. On sites where
preferred browse species have grown to heights which are no longer available to
animals, herbicides have been used to decrease height of live crowns and in-
crease basal sprouting of the shrubs. Observations of aerially sprayed sites
on forest lands in the Pacific Northwest indicate that big game and other
animals prefer terder, new basal sprouts of many brush species rather than
the mature plants.

Effects of Herbicides on Forest Environment

The use of herbicides to manipulate the composition and structure of
vegetation on forest land constitutes a disturbance of the forest ecosystem.
Disturbances within the forest, according to Spurr (1964), can be grouped into
three classes:

(1) Disturbances altering the structure of forest; including fire,
windthrow, logging, and lend-clearing activities.

(2) Disturbances aitering the species composition of the forest;
such as the elimination of plants and animals from the forest ecosystem or the
introduction of new plants ¢nd animals into that system.

(3) Disturbances altering the long-term climate in which the forest
grows, or climatic shifts which affect the vigor and cormpetitive ability of
the species making up the rorest.

Herbicides, as used in forest management obviously do modify the
floriscic composition of the plant community (a disturbance of the second
class), but a less obvious and perhaps more important effect is the indirect
action of herbicides on the climate, soil and water of the forest environment.

Some of the mechanisms by which herbicides can alter the ecology of
forests have been described by Gratkowski (1967). Among the major factors
affected by herbicides are the energy balance of the forest, including the
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quantity and intensity of solar radiation; the quality and wavelength of light
within the forest, and the black body radiation characteristics cf the vege-
tation and soil.

When the dominant vegetation is kilied, or when the composition of
a plant community is médified, herbicides may change abiotic factors of the
environments as well. Macroclimatic factors such as annual or seasonal dis-
tribution of precipitation, solar radiation, wind, and other atmospheric con-
ditions, are not readily modified. Microclimatic conditions within a brush
comunity, however, can be modified by changes in structure or composition of
vegetation. Killing all vegetation on the site, or thinning a dense stand by
eliminating some of the dominant plants increases the amourt of solar radiation
received per unit area at lower levels. In addition, it also changes the
spectral composition of light received by species in the lower levels. Con-
comitant effects are higher air and soil temperatures, increased windspeeds and
air movement, decreased relative humidity, and decreased interception of pre-
cipitation. In turn, these can lead to changes in edaphic factors such as in-
creased soil temperatures at surface and subsurface levels, increased soil
moisture, and increased activity of soil microflora and microfauna leading to
more rapid decomposition of organic matter.

Releasing conifers from a brush overstory results in major changes in
microclimatic concéitions for the trees. Changes in light conditions are
especially important. Released conifers receive far more direct'sunlight,
light intensity is increased, and light quality is enriched in both the ultra-
violet and infrared ends of the spectrum. Use of soil moisture and nutrients
will be reduced, leaving more water and nutrients for the conifers. and other
surviving vegetation. Amouvits of additional water and nutrients actually
aveilable to the conifers, however, will depend upon root characteristics of
both the conifers and other vegetation rooted at the same depth and the inherent
ability of each to compete for the available materieals.

All effects may not be beneficial to the forest. Heat losses to the
atmosphere will also be increased. As & result, diurnal variation in both
environmental and plant temperatures will be increased, and the newly exposed
trees may be more subject to late spring or early fall frosts than they would
have been under a brush cover.

Numerous investigators have reported the influence of changing or
manipulating forest vegetation on both the microclimatic and macroclimatic
factors. Fons (194C) and Reifsnyder (1955) have documented the influence of
forest cover on wind velocity; while Marston (1956) has studied air movernent
in an aspen forest as compared with adjacent openings. The influence cof pine
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forests on the daily temperature has been reported by Miller (1956); and Fuller
(1948) has compared carbon dioxide concentrations in the atmosphere above
forest and rassland.

Perhaps the most important effect on the forest ecosystem produced by
vegetation control measures is change in forest hydrology. Approximately two-
thirds of all the rein falling in the continental U. S. is returned to the
atmosphere by evapotranspiration processes. The management of forest hydrology
centers around modifying the arrangement and composition of vegetative cover
to control retention and release of water.

There is world-wide interest in better understanding of forest
hydrology as shown at the international seminar sponsored by the National
Science Foundation in 1965. The Principal research interests at this sym-
posium (Sopper and Lull, 1966) dealt with studies of the interception of pre-
cipitation by forest trees and stands, the relationship of different kinds
of vegetation to residual soil moisture, the ability of soils to absorb and
discharge precipitation of different amounts and intensities, measurement and
calculation of evapotranspiration, study and prediction of total and seasonal
streamflow, and the influence of vegetation on the erodibility of solls in
forest watersheds.

Research in the U. 8. is largely directed toward water yield improve-
ment, watershed protection, watershed rexaoilitation, and forest soil develop-
nent and improvement,

Hibbert (1966) has revieved the effects of modifying forest vegeta-
tion by various treatments on water vield. Some studies included the use of
silvicides to destroy trees in varying patterns, and the repeated application
of herbicides to remcve chaparral. Vater yield increases are directly related
to the extent of cover removed rather than to the method used for controlling
vegetation. Figure III-C-2 shows typical first-year streamflow increases from
various test areas as a function of the extent of forest cover removed.

The linear relation between the percentage of the area devegetated and
the amount of streamflow increase appears to hold for other investigations con-
ducted throughout the world.

Pereira (1966) summarized watershed management and streamflow studies,
pointing out that understory shrubs and sprouts in the Coweeta Test reduced the
water yield only one-third more than did the clean-tilled vegetable crops at
Kimekia. It appears probable that the extent of water yield increase that can
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be obtained in general forestry practice, where clean cultivation is unecoromic,
will usually be less than 40%. These empirical results generally agree with
the energy balance theories advanced by Penman (1963). 1In a series of tests
reported by Perman (1966), four different types of forest cover in widely
separated geographical regions of the world gave energy-balance equation con-
stants vhich were in fairly zood agreement.

Disappearance of Forest Herbicide Residues

Possible problems of herbicile residues in forest soils have been
studied by a number of investigators. With the most commonly used chloro-
phenoxy herbicides at the presently used levels of application, accumulation
in the soil does not appear to be a serious problem. A later section of this
report will cover residues in detail (Chapter VII). A review article by
Sheets and Danielson (1960) gives several references to the degradation of
chlorophenoxy herbicides in soil. Other reports by DeRose and Newman {(1948),
and Brown and Mitchell (1948) deal with degradation of chlorophenoxy herbicides
by soil microorganisms. Norris (1966) reported the degradation of 2,4-D and
2,4,5-T in forest litter using carbon-14 labeled compounds. Results show that
more than 85% of the 2,4-D was decarboxylated in 300 hr; while less than 25%
of the 2,4,5-T was broken down in the same period. Practical studies of the
extent of herbicide residues monitored in forest streams following herbicide
epplication have also been conducted by Norris (1967). Nearly all of the
herbicide found in the streams result from the direct application of spray
materials to the surface of the water. Within a Tew hours after spreying, the
levels of herbicides found in the streams fell to levels well below 100 Ppb,
tentatively believed safe for fish and aquatic life.

Long-term Ecological Responses

Little information is aveilablc on the long-term ecologicel responses
of vegetation following aerial application of phytocides. A few lo:alized
studies have been completed, but these are generally of a short-term nature,
with data collected only two or three years after treatment. However, sys-
tematic observation has seldom been made over a period of five or more years.

Not many studies have focused special attention on the ecological
responses to phytocidal treatments in terms of what has happened over a period
of more than one or two years. Studies by Hansen (1955, 1956) report stand
changes over an eight-year period following application of 2,4-D in a mature
mixed aspen-birch stand with scattered old white pine veterans and a heavy brush
canopy. At the end of this period, the brush canopy as measured by either
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height or number of stems was still far below that on the untreated control
plots, and white pine regeneration was more abundant and of larger size. There
was an immediate end large post-application increase in the abundance of rasp-
berry. In the herbaceous cover, bracken fern increased and sarsaparilla mark-
edly decreased in abundance following spraying. Increases in grasses and
sedges were also noted.

Bramble, et al. (1967) reported on the changes in structure and
ceneral composition of hardwood forest cover from 1953 to 1967. The study was
made on Pennsylvania utility line rights-of-way subjected to a variety of
phytocidal treatments. The original forest cover consisted of trees, a tall
shrub cover of 54% density, and a ground cover of bracken, sedges, herbs, and
blueberry which was present largely in the openings under the tree and tall
shrub overstory. Basal application of 2,4-D and 2,4,5-T greatly increased the
ground cover density to over 80%, and did not disturb its composition as a re-
sult of eliminating the tall shrub and tree cover. On the other hand, broad-
cast foliagc types of treatment drastically changed the cover to sedges and
grasses with a density of coverage averaging 96%. A broadcast foliage applica-
tion of ammate produced even more drastic change in ground cover to sedges,
fireweed, and bracken over 85% of the area. Areas given broadcast arplications
tend to recover slowly reprcducing largely the original kind of vegetation.
Selective basal spraying is reported to make possible the elimination of tree
and large shrub cover and maintenance of the area in that condition by
occasional retreatment.

A study of long-term vegetational changes following aerial application
of 2,4-D and 2,4,5-T in northern Minnesota was reported by Schacht and Hansen
(1963). This study reports the changes in tree canopy, changes in the saecies
of herbs, changes in the grass-sedge canopy, und changes at the forest floor.
The implications for forestry applications and scme implications for wildlife
considerations are also discussed.

Viildlife Effects of Forest Herbicides

There are several ways in vhich the use of herbicides can be expected
to supplement other forestry practices for the improvement of habitat for wild-
life. They are of particular importance where it is not feasible to improve
habitat through commercial timber operations. Herbicides are used for making
and maintaining openings or clearings in forested ureas and for increasing
browse. Lindzey (1960) reported that herbicides can be used in the selective
removal of competing plants in order to favor food producers or to make way for
seeding and planting food and cover plants.
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In aerial release work, Arend and Coulter (1955) suggested methods
for maintaining wildlife habitat. They recommended that when areas in excess
of 40 acres were to be sprayed, unsprayed strips 30 to 50 ft wide should be left
at 10 chain intervals parallel to the flight line. It was also suggested that
the vegetation along the streem banks be left unsprayed.

In Michigan, considerable acreage of worthless aspen has been sprayed
with the nope of killing these trees and opening up the areas to provide good
food and cover conditions for sharptail and ruffed grouse (Roe, 1955). Geysel
(1957) also reported that release methods used in lower Michigan pointed out
that aerial sprays could be used for improving wildlife habitat.

Krefting, Hansen, and Stenlund (1956) found that both hand cutting
and stem spraying using 2,4-D produced abundant sprout growth of mountain maple
with cutting resulting in the greatest regrowth. Hansen and Krefting (1957)
indicated that the results of two years of testing showed that herbicides can
be used cheaply and successfully to kill back overgrown mountain maple and in-
duce a healthy regrowth of sprouts which deer can readily eat.

A study by Bramble, Byrnes, and Hutnik (1958) on transmission rights-
of-way in Pennsylvania demonstrated that commor: game species used all spray
areas the first year following spraying and either increased their use or
maintained it for five years. Considerable disturbances of plant cover, both
in amount and kind, followed spraying. Selective techniques maintained the
original ground cover composition and increased its coverage. The development
of edges and type interspersion through spraying favored such species as turkeys
- and rabbits. Deer used the spray areas heavily in the spring and summer while
' grouse appeared to prefer the wooded edges.

Ammann (1957) and Van Etten (1959) indicated that herbicides are
valuable in managing prairie-grouse habitat. Aerial applications of 2,4-D at
2 lb/acre were used to create openings in dense aspen and wlllow stands. Heavy
sprouting of valuable deer food species followed the treatments. A disadvantage
of this type of operation was that certain desirable plants may be selectively
eliminated, and too little edge may be preserved.

A study in Virginia (Trumbo and Chappell, 1960) was designed to ap-
praise the economics of creating wildlife openings with herbicides in inacces-
sible ocak woods. It was found possible to reduce the amount of chemical to as
little as one~tenth of the original amount used and still get practically the
seme kill. Two years after treatment, seedling and sprout growth in experi-
mental plots proved highly attractive to rabbits and deer.
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Krefting, Hansen, and Hung (1960), and Drefting and Hansen (1963) have
been successful in releasing preferred browse plants by aerial application with
2,4-D ethyl ester at 2 1b/acre. This study was ccnducted on the Tamarac
National Wildlife Refuge in Minnesota. The authors indicated that the phyto-
cide was selective in %illing the low preference species of browse plants. At
the end of two years there was a considerable increase in the total number of
stems on all cover types treated. The cost per acre for these sprayings was
approximately $3.50.

It has been found that 2,4-D and 2,4,5-T are not toxic to game animals
(Arend, 1959). George (1960) stated that many herbicides are only slightly toxic
to wildlife and can be used at effective dosages without serious immediate ef-
fects on wildlife or food-chain organisms. Other compounds (such as dinitro
compounds, sodium arsenite and pentachlorophenol) are toxic to wildlife and
invertebrates, and their use can present hazards unless great care is taken in
their application and consideration is given to toxicity thresholds. There is
some poisoning hazard to wildlife when formulations or mates.als designed for
upland or terrestrial areas are used in lowland or aquatic areas. In general,
however, most herbicides can be expected to have no serious direct effects on
wildlife.

Indirect toxicological effects on wildlife through destruction of
food-chain organisms have received little study. More research in this area
needs to be conducted on a long term basis.

Indirect or secondary effects of herbicides on wildlife through hab-
itat change could be great. Care must be taken in planning the overall appli-
cation in any large scale operation. In general, those applications that tend
to make the environment more uniform will eventually lower wildlife pcpulations;
whereas those that tend toward diversity, such as opening up areas in a forest
community, will tend to increase wildlife population.

In summary, herbicides can be used effectively and selectively in
wildlife habitat management. Continued research is needed to determine the best
chemicals to use, proper application methods and the subtle but far-reaching
interactions between wildlife and habitat. Herbicides cannot be considered a
cure-all, but a tool to be used at the right time, place and in the right way.

The use of chemicals in general offers a more efficient and economi~
cal method of habitat management than techniques formerly used. As herbicides
formulations, equipment and techniques have been improved, the cost of managing
vegetation in wildlife areas has decreased and even greater effectiveness and
reduced cost may be expected.
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D. Herbicide Application on Rangeland

The development and maintenance of adequate rangeland for the
grazing of domestic animals is one of the chief problems of the sgricultural
industry. The United States is the world's leader in advanced agricultural .
technology. This country, along with Australia, New Zealand, and Argentina
and other countries in South America and Africa, has expanded their efforts
in grass and ra:ichlands research. The monetary value of such investigations
and the resulting improvements are not easily calculated, but the increase in
land utilization represents millions of dollars in the United States alone.
The benefits to other nations and in particular to the lesser devcloped .
nations, provide additional impetus for bringing about better management of
the range lands of the world. Basic to range development, improvement and
maintenance is adequate weed and brush control. .

Historical Background

The significance of weed and brush control has long been recognized
but constant changing of man's use of his environment has altered the range-
lard and the interrelationship of plants and animals in such areas. Also,
the need for additional food,clothing, etc., from agricultural sources has
constantly been incressed due to the human population growth.

Indications of the extent of the problems involved in weed and brush
control have been mentioned by Herbel (1967) Turner et al. (1963), and many
others. Approximately half of the total land area of the United States is
used for pasture anl grazing, and weeds and brush are a problem on nearly
all of this area. Table IIID-1 taken from Herbel's publication (1967),
lists the enormous number of acres containing undesirable woody species in
the Western United States. Turner et al. (1961, 1963) reported that over
700,000 acres of Idaho, and 2,000,000 acres of Oregon were plagued by infesta-
tion with the rw.ige weed grass medusahead.

In each of the cited publications the authors indicate that the
acreage of undesirable woody species increases at a rapid rate and that the
real problem is to control the extent cf brush and weed grass invasion of
yet uninfested areas. This spread of brush is documented in the publications
of Herbel (1967), in which data on the Jornada Experimental Range is sum-
marized. Mesquite dominated 4.8% of the area in 1858 but this increased to
50.3% of the area by 1963. Correspondingly large increases occurred with
woody species during the same period; however, the type of brush invasions
varied with the different types of soil avallable on the range.
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TABLE III-D-1

OCCURRENCE OF SOME UNDESIRABLE WOODY SPECIES IN THE
WESTERN U, S. (PLATT, 1959)

Million Acres

Sagebrush (Artemesia Spp.) 87.4
Rabbitbrush (Chrysothamnus Spp.) 4.9
Tarbush (Flourensia Cernua) 13.3
Juniper (Juniperus Spp.) 63.9
Creosotebush (Larrea Tridentata) 46.5
Cactus (Opuntia Spp.) 78.6
Mesquite (Prosopis Spp.) 93.0
Serub Oak (Quercus Spp.) 40.3
Yucca (Yucca Glauca) 2.0

Source: Herbel, C. H., Brush Control in New Mexico, Jornada Experimental
Range ,Crops Research Division, ARS, USDA (1967).

The scope of the weed problem on grazing land is constantly changing
with the introduction of new plant species and with the shift of dominant
species from forage to nonforage types. Spread of mesquite in Texas was at-
tributed to the passage of viable seeds thrcugh horses, cattle and sheep.
Thus, changes in vegetation on range and néncropland are occurring due to the
influence of grazing practices, cultural mahipulations, plant introductions,
diseases, insects, various other fauna, and many environmental factors.

Weed control on rangeland in countries other than the United States
presents similar problems, except the prevailing species are different. For
example, Brazilian pastures are infested with Leiteiro, Amendoin, Acacia, and
numerous other brush weeds (Quinn et al., 1956).

The dominancz of weeds, both brush and weed grasses, may be con-
trolled, changed, or prevented by the use of mechanical; chemical and bioclogi-
cal methods. Frequently combinations of these methods are used and these
will be more fully described in the next section. However, factors such as
climate, native plant and animal life, soil conditions, moisture, and tem-
perature may materially influence the results of attempted range improvement
programs. Some land areas may not. respond favorably to treatment, yet many
forage lands cen be made more productive by appropriate weed control programs.
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Fisher * expressed the belief that about 20% of the Rolling Plains
with mesquite and other undesirable brush can be profitally used for forage
and other cultivatebls grazing crops. Another 20% of the study area was too
shallow and otherwise unsuitavle foi development into grazing laend. The re-
maining 60% of Rolling Plains is not suitable for cultivation but can produce
good grass if brush is controlled. Although other rangelands may not be
Similar to the areas reported by Fisher the facts are still impressive that
weed control will be beneficial in many ways, including economic return. Yet
in spite of the work already undertaken, we have vast opportunities for ex-
tension of the various forms and methods of weed control.

Current Herbicidal Control Procedures for Rangeland

Brush and weed control methods vary greatly due to terrain, soil
conditions, type of weed infestation, purpose of land use, and above all on
the cost of land treatment. Control measures include chemical, mechanical,
manual, burning, biological and selec*ive grazing of the range. In actual
practice a single method may be used but frequently combinations of methods
are employed to an advantage. Better results usually follow sequential or
appropriately timed utilization of two herbicidal treatments regardless of
whether they are of the same general type or different.

The objective of herbicidal treatment of range is rarely the eradica-
tion of brush; the goal usually is designad to control or regulate the prciiem
weed species; thereby permitting the development or utilization of the forage
for improved grazing conditions. Brush control is particularly difficult in
some species due to their capucity of regenerating vegetatively. Klingman
(1962) states "our most urgent job in brush control is to find a way to kill
dormant buds."

Mechanical Methods

Mechanical methods of control include hand choppirg, cabling or
chaining, bulldozing, grubbing, roct plowing, and disking (Herbel, 1967).
Cebling or chaining is simply a process of pulling a long heavy cable (usually
destroyer anchor chain) between two large tractors traveling parallel. It is
effective on fairly level ground witii 3 inches diameter brush from nonsprouting
species but is not generally effective on small plants and sprouting species.
In mesquite country chaining is used a year after herbicide kill to pull down
the snags and tear out the crown root.

* Personal communication from C. E. Fisher.
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Bulldozing is a good method for controlling larger trees. Modifi-
cation of the dozer blades car be done so that grubbing can be effective on
relatively sparse stands of brush but such Operations amust be followed by
seeding or only be used where there is good residual grass stard after the
bulldozing operation.

Root plowing is effective in controlling brush c¢n deep soils which
are free of rocks and obstructions. A special plow blade (a stinger) is
usually used to individually push or snag the roots out of the ground and
thereby prevent their resprouting.

Disking for brush control is limited to plowable soils and small
shallow rooted plants. It is basically similar to rootplowing except that
brush is destroyed by pulling a single disc plow or tandem disc over the
field. Disc treated range must be reseeded since much of the grass is de-
stroved.

Hand chopping of brush is effective and cheap but only for small

sparse stands of brush. It is more helpful in preventing invasicn of range
than in eradication of heavier brush growths.

Burning Methods

The use of fire for weed control is practiced but this is more
applicable to the unpalatable weed grasses rather than brush. Turner et al.
(1963) have discussed the advantages of fire for control of medusshead. It
is cheap, can be apnlied to rough and stoney areas, destroys seed crops
(weeds) before maturity and reduces litter which 1s capable of preventing
good growth of desirable grass. The dangers of fire in weed control are
obvious and include the destruction of valuable good range, crops, homes,
etc. Fire does not always destroy all the viable seeds of medusahead; thus
fire control of weed grasses is often followed by other contreol methods such

88 chemical treatment of the infested area. Herbel (1967) states that burnin~

may also be used to control several kinds of undesirable range shrubs such as
big sagebrush, burroweed and brown snakeweed; yet the burning must be done

at the pruner season, under proper mojsture conditions, appropriate grazing
management, and adequate precautions.

Biological Control Methods

Biological weed control methods are mentioned in the literature, yet
such methods are not considered as g single means of control. This is a field
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for considerable basic and practical research which will undoubtedly be given
a great deal of investigation in the future. The biological methods may be
used for preventative control and correction of existing conditions.

Turner et al. (196%) referred to the work of Lusk et al. (1961) in
control of medusehead by heavy grazing of sheep during the spring with a
resulvant thinning of the weed stand. Such a practice would have to be fol-
lowed with a period of no grazing to permit the resident perennials to mature.

Leaf-feeding beetles of the genus Chrysolina and a rnot borer were
used to parasitize the perennial weed, St. Johnswort, and their use was
followed by a reduction of the weed to 1% of its previous California level
(U. S. Department of Agriculture, 1966).

Follcwing many of the forms of mechanical, chemical, and burning
techniques of weed reduction, it is necessary to reseed with good range grass.
This reseeding is a biological control procedure since the seeded plants may
grow sufficiently fast and provide sufficient ground cover to prevent the re-
growth of weeds.

By controlling the grazing patterns of animals the spread of weed
seeds may be prevented. Leith (1959), stated that changing weed patterns
depend upon the distribution of dung patches. Thus, if animals are prevented
from moving to new grazing areas after feeding on infested range, one form of
weed distribution may be prevented. However, this is not practical since the
wild animals are not restricted.

Chemical Methods

Herbicidal chemicals have been developed for numerous plant species
ar.: application of the materiasls has resulted in good, and in many cases,
ouietanding control of noxious weed grasses and brush. Systemic herbicides
are generally applied by foliage sprays, either from ground or aerial units,
Figure III-D-1. However, some agents are applied to the soil around the bushes
or directly to the plant stem or cut stump.

Application of the herbicides must be made at the proper stage of
plant growth. Also, a number of factors such as moisture, temperature, soil
conditions, spray droplet size, etc., influence herbicidal action. Failure to
take into consideration the stage of growth and these other factors may mate-
rially reduce if not eliminate the effectiveness of these agents. The best
chemical and conditions for weed control must be determined for each plant

species to be cor :rolled.



Courtesy of Aerial Applicators

Figure III-D-1 - Aerial Application of Herbicide on Rangeland
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For brush control of a variety of plant species 2,4-D, 2,4,5-T,
silvex and the phenoxy cct:puinds have been used. Picloram has also shown
promise on many brush species. Frequently mixtures of 2,4~D and 2,4,5-T are
used for more complete ~average and weed control. The number and types of
herbicide have increased considerably since they were first used in the early
1940's and new compounds will be added t~ the armamentarium in the future.

—i oms N

Single aerial application of 2,4-D; 2,4,5~T; and a 1:1 mixture of
the two gave excellent control of sand sagebrush in Western Nebraska (Bovey,
1964). An excellent top kill was obtained but regrowth occurred and for best H
results repeat applicaticis were necessary the second year. 1In the same study
silvex (a phenoxy herbicide) gave excellent control following a single appli-
cation. Table III-D-2 illustrates the data obtained with the vaxious com-
pounds and lists the rates of application. One pound/acre of 2,4-D applied
for two consecutive years gave 95 and 100% control.

TABLE III-D-2

INITIAL LEAF KILL AND SUBSEQUENT REGROWTH OF SAND SAGEBRUSH AFTER
SINGLE AND REPEAT APPLICATIONS OF PGBE ESTER FORMULATIONS
OF 2,4-D, 2,4,5-T, 2,4-D PLUS 2,4,5-T AND
SILVEX IN DIESEL OIL AT 5 GPA

Time after Application

Location Single Repeat
and Leaf Kill RegrowthE/ Regrowth
Herbicide Rate 3M. 1Y¥r. 2%¥r., 3Y¥r. 1Y¥Yr. 2Yr.
(Lb/a) (%)
Alliance
2,4-D 1/2 57 45 80 83 17 50
2,4-D 1 86 35 70 50 13 7
2,4-D 2 9 25 60 60 7 3
2,4-D + 2,4,5-T 1+1 97 20 63 40 3 0
2,5,5-T 2 98 40 53 60 0 0
Silvex 2 99 22 20 23 7 3
Haigler
2,4-D 1/2 90 72 73 43 100/ 0
2,4-D 1 100 57 23 27 0 0
2,4-D 2 100 55 60 50 0 0
2,4-D +2,4,5-T 1+1 100 67 57 33 0 0
2,4,5-T 1/2 100 62 87 80 0 0
2,4,5-T 1 100 57 53 60 0 0
2,4,5-T 2 100 52 70 70 0 0

3/ Percentage kill is the inverse of percentage regrowth; it can be derived
by subtracting percentage regrowth from 100.
b/ The 1/2 1b/A 2,4-D treatment at Haigler was retreated with 1 1b/A.
Source: Bovey (1964) p. 25S.
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Mitich (1965) reported that a number of weed and brush species were
controlled by two 2 lb/acre applications of 2,4-D. The species included buck-
bush or western snowberry, goldenrod, fringed sage, gum weed, prairie thistle,
silverberry and tall prairie astor. He also reported good control of annual
weeds with one 1 lb/acre 2,4-D treatment.

Studies with yucca control by aircreft applications revealed that
silvex applied at 2 lb/acre in No. 2 diesel oil at'5 gpa (gallons per acre)
total spray solution gave the best yucca kill (Bovey, 1964). However, a sub-
standard amount of regrowth was found in all plots two years after treatment;
therefore, retreatment is necessary for best control.

The extent of the mesquite problem on rangeland was mentioned
earlier in this report; therefore the observations that the ester of 2,4,5-T
was superior tc the amine form of the compound for the control of mesquite {
are important (Roach and Glendening, 1956 ). Percentage plant kills ranged
from 5 to 65 depending upon the study site. Top kill of the mesquite averaged
75.8% and renged from 58-91% in the various sites. Differences at the verious
sites may be evidence of genetic differences in plants, soil variations, or
climatic differences accompanied by differences in plant development. The
lower ratio of plant kill %o top kill emphasizes the need for repeat treat-
ments with herbicide and also illustrates the extreme difficulty encountered
in bringing about eradication of weed brushes. Thus, the procedures are gen-
erally for control rather than eradication.

Gantz and Laning (1963) reported good field responses with a number
of woody plants to both 2,4,5-T and to 4-amino-3,5,6 trichloropicolinic acid;
however, the latter compound was more effective. Test plants included poison
oek, manzanita, chamise, coffeeberry, mountain misery, macartney rose,mesquite,
prickly pear cactus, and huisocke.

Favorable seasons must be chosen for certain plants to be effectively
controlled. Hyder et al. (1958), found that a favorable season as well as
susceptible stage of plant growth were necessary for the proper timing for
the control of rabbit brush. Dry range sites may never permit the control of
green rabbit brush even though it is susceptible to control with 3 lb/acre
of 2,4-D esters when adequate moisture is present,

Although (as pointed out earlier) mesquite is a major range problem
on approximately 70 million acres in the Southwest and several million acres
have been treated with herbicides; various factors influence the results of
such treatments. Fisher et al. (1956) summarized these factors in their paper
as follows:
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"l. Effective and economical control of mesquite is dependent
on translocation of a toxic amount of 2,4,5-T from the foliage to
sprouting tissues of the crown.

"2. Leaflet and field plot studies show that grestest trans-
location of 2,4,5-T occurs generally during a S50 to 90 day period
after the first leaves emerge in the spring. This period is con-
siderec to be the most favorable time to treat mesquite with 2,4,5-T.

"3 Maximum translocation of 2,4,5-T appears to take place when
the total supgar content in the roots is building up at a rapid rate
foliowing the low level at the full leaf stage.

"4, Minimum translocation of 2,4,5-T appears to occur when total
sugars in roots are decreasing rapidly and reducing sugars are rela-
tively abundant.

"S. The most effective kills of mesquite have been obtained
with 2,4,5-T when there was an adequate supply of soil moisture to
develop a uniform heavy foliage cover and 2,4,5-T was applied after
rapid growth of new leaves and stems had ceased.

"6. Effectiveness of 2,4,5-T aerial applications was reduced
when drought restricted growth or intermittent rains caused irregular
growth of foliage.

"7. Greater effectiveness of 2,4,5-T was obtained on sandy
loam and deep sandy soils than on heavy clay soils and on small
plants with stems less than 3 inches in diameter than on larger trees.

"8. Carriers, whether oils alone or oil-water emulsions or
water alone, had no apparent influence on the effectiveness of
2,4,5-T applications when used at 4, 8 and 12 gal/acre.

"9. A rate ¢f 1/2 1b. acid of a low volatile ester of 2,4,5-T
in 1:3 oil-water emulsion gave effective and economical kills of
mesquite. Increasing the amount of acid did not improve the kill of
nesquite.

"10. Droplet size of spray material, formulations of 2,4,5-T
and weather factors did not appreciably affect the apparent effec-
tiveness of 2,4,5-T. However, these factors must be taken into con-
gsideration from the standpoint of safety and ease of handling the
herbicide under field conditions."
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Kerbel (1967) also indicated the importance of translocation in
the herbicidel action and he points out that, in some dry years, spray treat-
ments should not be made at any time. Plants under moisture stress do not
translocate the phenoxy herbicides; therefore, they are inefficient if not
ineffective.

Soil treatnent with herbicides cives good control of trees especi-
ally applied on &n individual basis. Several chemicals have been \ “ed success-
fully irn recent years including fenuron, monuron; benzoic acids and ccmbina-
tions of these with other herbicides (Klingman, 1962). Fenuron (25%) pellets
and an 80% monuron powder have been found to be effective in controlling brush
(Hervel, 1967). Fifty-three to 95% kills of mesquite vere obtained with monuron
powder and 67 to 94% kills with fenuron pellets. The herbicides were appiied
by horseback end on foot at a rate of 1 g active ingredient per foot of plant
canopy diameter.

Recommendations for herbicide control of New Mexico brush species
listed by Herbel (1967) are tabulated below as an illustration of the variety

and levels used for single applications.

AERTALLY SPRAYING BRUSH (PER ACRE)

Big sagebrush 2 1b, 2,4-D

Sand sagebrush 1 1b. 2,4-D
Rabbitbrush 3 1b. 2,4-D
Juniper 3/4 1b. Picloram
Shinnery oak 1/2 1b. Silvex
Yucca Glauca 2/3 1b. Silvex
Mesquite 1/2 1b. 2,4,5-T

The problems of control of weedy annual grasses on rangeland are
complicated by the extremely competitive nature of the weed grasses such as
medusahead. Five hundred to 1,000 medusahead plants per square foot are not
uncommon (Torrell and Erickson, 1967). Thus, the native forage grasses cannot
compete with the medusahead. Control is therefore indicated by a two-step
process which includes reseeding of the treated area. Torrell and Erickson
(1967) have proposed several procedures such as (a) burning, tillage and re-
seeding, and (b) burning, herbicide treatment (dalapon, 3 1b/A) and reseeding.
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It is also recommended that 2,4-D be sprayed leter to control the broad-leaf
wveeds coming up during the growth of the wheatgrass used for reseeding.

Siduron, paraquat and atrazine are other herbicidal agents used for
the control of weed grasses. Atrazine is toxic to perennial grasses; therefore
its use may permit the growth of broad-leaved weeds.

Broad-leaved herbaceous weeds are difficult to control yet are serious
problems on the ranges. Phenoxy herbicides are utilized ror their control and
repeated treatments are required combined with improved grazing management,
range cultivation and reseeding.

Chemical control of range weeds is indeed a complex ecological prob-
lem and involves numercus species of plants. The U. S. Department of Agricul-
ture and the U. S. Department of Interior have long recognized the enormity of
the problem and have published a handbook on the 'Chemical Control of Range
Weeds."* The purpose of the publication was to provide suggestions on the con-
trol of range weeds with chemicals.

Some Ecological Aspects of Range Control

Rangeland represents a dynamic system of plants, animals, soils,
air, sunlight, etc., and the net effect of the complex activities is constantly
changing. A specific rangeland ecosystem in one area of the United States
will not be similar to another range area in another part of the country or in
some other country. Likewise, any single range at one period of time will be
different thar at some other time. A range ecosystem is part of a larger
bioclimate and changes in the range may be brought about by interactions with
the flora, fauna and abiota of other ecosystems. Also induced changes in the
range ecosystem will exert an influence on the dynamics of other ecosystems.

Weed problems have been created on grazing lands by the introduction
of foreign plant species. Earlier in the report mention was made of the intro-
duction of weei brushes with the spanish horse and change in grazing practices.
Torrell et al. (1963) discussed the possible introduction of medusahead from
Europe to the U. S. and the rapid migration of this weed into Idaho until it
now is found on 700,000 acres of Idaho land. Trkese changes in flora illustrate
the change just a few plant species can have on rangelands.

The purpose of herbicidal control is to prevent the trend toward
dominance of weed plants at the expense of the forage species. Weed infesta-
tion or invasions can be halted or changed (controlled) by judicious use of

* U, S, ﬁépartment of Agriculture, U. S. Department of Interior, Chemical
Control of Range Weeds, p. 14 (1966).
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mechanical, chemical, burning, and biological methods such as the introduction
of new forage species and by careful control of grazing practices. Unfortu-
nately, not all ranges are subject to improvement. Factors such as soil,
climate, native plant species, and animal life may prevent ready improvement
measures. Nevertheless, many forage lands may be made more productive by using
veed control techniques (as described in the previous sections), a practise
wvhich is nearly always the most important management tool employed to bring
about improvement in the rangeland and its carrying capacity.

Concurrent with the application of range control measures numerous
changes are seen to occur in the ecosystem. Some of the changes are beneficial
and some may be detrimental. It is also important to note that apparent im-
mediate effects that are beneficial may be detrimental in the long run. Con-
versely. changes brought about by herbicides may be detrimental to the grazing
for the first year, yet provide a long term benefit to the rancher and the
range.

Many ecological changes were presented in the discussion of the
history and methods of range control. These need not be repeated but they
have emphasized the interaction of various factors in the range ecosystem.
Specific illustrations will also be presented in the following paragraphs.

The paper of Cable and Tschirley (1961) indicates that a single
application of 2,4,5-T resulted in increaced production of grasses and the
forbs increased further with successive yearly applications of the herbicide.
This increased selective production illustrates the satisfactory change for
increased grass production at the expense of the weed, mesquite. Their study
also illustrates that herbicides used on more than one occasion produce a more
lasting effect.

Unfortunately some uses of herbicides may not be as favorable.
Turner et al. (1963) state that there are no known herbicides which control
redusahead and are yet free of soil sterilizing activity. Hence, seeding
cannot be immediately after the use of such herbicides. Herbicides vary
considerably in such residual activity. Dalapon has a short period (several
veeks) but atrazine and isocil have long residue soil activity, lasting for
at least a year.

Torrell and Erickson (1967) in their medusahead grass control
studies found that their multiple weed control treatments created a partial
botanical void and the space was not filled with wheatgrass but with rapidly
groving annual veeds that originated from dormant, soil-borne seeds. This
se~re weed competition served to suppress the desired species.
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A number of illustrations of altered plant succession as a result of
herbicide controls may be described. Hedrick et al. (1966) reported that sage-
brush rapidly reoccupied mechanically treated poor condition ranges. Thelr
work also points out that cheat grass it becoming a more important component
of poor and fair condition ranges that are treated for big sagebrush and the
authors stated that one can expect that improvement and management practices
could adversely change the proportion of annuals and perennials.

Johnson's (1958) data on reestablishmen® of sagebrush in long-term
studies indicated that when more than 75% of the sagebrush was chemically con-
trolled by 2,4-D the range remained relatively free of sagebrush seedlings for
a four-year period. Similar data were reported by Alley (1956).

Perry et al. (1967) found that 89 to 100% control of chaparral
increased the range-carrying capacity by 37% by the end of three years, thus
brush control radically increases the possible animal population that can be
supported.

Millions of acre feet of water are being used each year by worthless
brush.* By herbicide treatment of the undesirable plant species a very defi-
nite agricultura.ly favorable ecological change can be accomplished.

Several illustrations of the ecological aspects of herbicide control
of chaparral brush are fourd in Pond's (1964) report. An "overstrong" kill
releases "understory" vegetation. Thus, defoliation alone releases plant
species found closer to the ground. In Pond's study the new understory growth
was both grass and half shrubs; however, there was a different response after
weed brush killing on quartzite soil than on a diabase soil. Both grass and
half shrub forage plants increased on the quartzite soil but only half shrubs
increased on herbicide treated diabese soil. The latter apparently does not
support good grass growth. Not all herbicide effects are limited to weeds.
Blaisdell et al. (1958) reports that 13 of 38 forbs were dameged during sage-
brush spraying with ¢,4-D in Idaho. Therefore, a range manager must be aware
of this deleterious effect on the desirable plant species.

Occasionally chemical control of brush may create a more serious
brush problem. Hyder et al. (1958) observed that selective killing of the
sagebrush in mixed stands of sagebrush and green rabbit brush released the
rabbit brush for more rapid increase and thereby created a serious problem.
It is much more difficult to control the rabbit brush since it requires more
herbicide and is susceptible only in favorable years. Thus weather and
climate also aid in the release of a plant species.

* Personal communication from C. E. Fisher.
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The needs for herbicide control procedures are also affected by
wildlife habits. Herbel points out that rabbits and rodents which live in the
brush-infested areas, work out into adjacent grasslands depositing seeds and
thereby accelerating brush invasion.

Quimby (1966) cautions that the conflict between sagebrush control
programs and the welfare of wildlife cannot be ignored or denied. He pre-
sented data suggesting that antelope, sage grouse, deer, elk and moose might
be adversely affected by 2,4-D spraying for brush. On the other hand, bighorn
sheep are essentially not bothered by chemical brush control.

The introduction of an insect species, e.g., beetles, as mentioned
under the biological methods of weed control, is a man-induced ecological change
in the rangeland ecosystem which could have widespread and long-lasting effects
(U. S. Department of Agriculture, 1966) .

Man is part of the total ecosystem and cannot be overlooked in a
discussion of ecologic effects of herbicide control methods. However, in the
most part of the herbicide influence on men is indirect, yet the effect of man
on the ecosystem is great since he decides upon and applies the principal
control measures to rangeland.

It is obvicus that no ecosystem is static and the extensive dis-
cussion of herbicide applications to rangeland bears out the fact that the
vegetation land is constantly changing. The changes are both beneficial and
detrimental and may be the result of man's activity or a natural ecologic
change unrelated to man's activity.
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IV, HERBICIDE APPLICATION ON WATERWAYS,

PONDS, LAKES AND RESERVOIRS .

Introduction

Aquatic vegetation growing in both lerntic and lotic habitats
(i.e.,moving and static water in waterways, lakes, ponds, and reservoirs;
serves useful as well as deleterious functions relative to the anthropocen-
trically oriented uses provided by these aquatic environments. Eradication
of aquatic weeds has assumed progressively greater importance in recent years
directly as a consequence of man's enormous increase in population and his
widespread alteration of both the biotic and abiotic environments. Further-
more, advances in technology have introduced weed control requirements which
vere not necessary previously.

Among the items associated with aguatic weed control needs are:
fire hazard, water pollution, mosquito control, irrigation and drainage
ditching, outdoor recreation waterfowl and fish management, and even control
of bird nesting grounds at the end of jet-aircraft runways (Steenis, 1966). !
Meyer (1964) has pointed out that aquatic plarts are an important source of
food for many organisms (e.g., muskrats, waterfowl, herbivorous fish, and
insects) and that they form a food chain base as well as cover for fish and
wild birds. lHowever, these plants also interfere with the flow of water in
drainage ditches, irrigation canals, and other waterways. In addition to
more serious economic problems, they cause taste and odor problems and can
even block access to the water areas by fishermen and boaters.

Removal of undesirable plants from aquatic areas thus has been,
and will continue to be, important for man's optimum utilization of the
aquatic environment. However, for this "optimum utilization," consideration
of the effects of aquatic weed control cannot be limited solely to the
immediate effects resulting from either the eradication methods used or the
vegetation control itself, but consideration must also be given to the over-
all, long-term 2cological effects of these programs. The effects of residual
toxicity of any herbicides used to other plants and animals, the possible
effects of the killed plants on other organisms, and many other factors must
be considered in the light of their ecological effects. Since removal of
aquatic weeds is bound to have some effect on the ecology of an area, it is
important to try to ascertain that the gains achieved by weed control are .
not likely to be offset by losses due to undesirable ecological alterations.
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Historical

Prior to the use of herbicides, hand and mechanical methods were
used to remove aquatic weeds. These nonchemical methods were probably used
on aquatic weeds as early as similar methods were used on terrestrial weeds.
Herbicides in the modern sense have been used for aquatic weed control for over
60 years, although as long ago as the Middle Ages it was noted that certain
arsenic and inorganic compounds possessed desirable herbicidal properties.
Even earlier, salt was used as a primitive chemical method for killing plants
(zur Burg et al., 1967). Two of the compounds used early in the 1800's, and
which are still used today, are copper sulfate and sodium arsenite. Major
uses of these compouncs have been for the eradication of algae (copper
sulfate) and water hyacinths and submerged weeds (sodium arsenite). Timmons
(1963) has briefly reviewed the historical aspects of herbicide use in
aquatic environments.

In the 1940's the use of other herbicidal materials was introduced
for aquatic weed control, e.g., chlorinated benzenes, xylol-type benzenes,
and 2,4-D. Relativ.'y little interest in aquatic weed contro. was shown in
Northeastern, North Central and Southern areas prior to 1955, or in the
Western area prior to 1950, based on the low number of papers prz2sented at
regional Weed Control Conferences. A major interest in aquatic weed control
began about 1957 when the Agricultural Research Service approximately tripled
its research effort and contracted with Auburn University to evaluate 750
chemical compounds as aquatic herbicides. In 1958 Congress authorized the
U.S. Army Corps of Engineers to spend $1,350,000 annaally in eight Atlantic
and Gulf Coast States for the control of aquatic weeds (Timmons,1963) . A
review of the published literature since that time shows that interest in
aquatic weed control has continued to grow in all parts of this country as
well as throughout the rest of the wn.ld.

Dr. LoRoy Holm (1967) toured parts of West Asia, the Middle East
and Africa while in the employ of the United Nations Focd and Agricultu:z
Organization in order to assist developing nations in the tropical regions
of the world with weed control problems. He said that weeds pose a serious
economic problem to these countries and that the White Nile water hyacinth
infestation required the expenditure of $1.5 million annually by the Sudan
Ministry of Agriculture just to keep the weed-choked river open to naviga-
tion. He added that they have perhaps the largest organization in the world
combatting a single weed. They have a number of planes, land vehicles and
boats; where they can't get vehicles in, they fly the men with knapsack
sprayers into the area and let them walk out. At present, hostilities in
the South prevent weed control treatments far encugh upstream to do a gocrd
job; mats break off, float .downstream and reinfest. Holm confirmed that
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native villages were cut off by weed-choked streams and had to move. The
principal herbicide used in this particular weed control progrem is the
2,4-D amine salt (also see Kirkpatrick, 1958).

The weed control program in the Belgian Crugo began in 1955 at
which time about 940 miles of the Congo River was badly infested with water
kyacinth.- After two years of spraying from planes, boats and land vehicles
and at a cost of 1 million dollars the river was cleared and the hyacinth
problem was under control. Now that the Belgian govermment has pulled out,
the river has been neglected and the river now is again in bad condition.

A program to irrigate 1.4 million acres of farm land in India is
now in difficulty because of the growth of weeds in the irrigation canals
and the estimated 80% reduction in the delivery of water. Crop losses have
been high because of the inability to deliver the water where it is needed.
In Nicarauga a water reservoir has become so clogged with water weed: that
the production of power waes threatened; aquatic weed control procedures
involving herbicides are being used successfully to control the weeds there
(Holm, 1967).

Aquatic weed problems are becoming more acute on the Zambesi River
between Zambia and Rhodesia. The plant giving the trouble there is a water
fern, Salvinia, and it has grown so fast on Lake Kariba that the lake surface
is said to have exploded; the lake is man-made and has a surface area of
2,000 square miles; the weed now covers 200 square miles but is creating
hazarda by moviny with the wind in large floating mets over the lake surface.

Aquatic weed problems occur in the cooler climates as well. The
Marine Department, Rotorua, New Zealand (Fish, 1966) has conducted studies
on the elimination of Lagarosiphon major from Lake Rotoiti. The aquatic
herbicide diquat at 0.5 ppm controlled this weed well in one test arm of the
lake but it was quickly replaced, first by large number of phytoplankton and

photosynthetic algae and ciliates, then by an anchored alga, Nitella species.

Stovell (1960) discusced the progress in aquatic weed control in

England and stated that the River Boards anc. other authorities were spending in

1960 850,000 pounds sterling per year on mechanical methods to control weeds
that block navigation and the submerged weeds which impede the flow of water
in drainage ditches. He added,however, that acrolein and a granular form of
2,4-D looked promising as a method to cut down on the labor requirements.

88

i "y SR

"

o



e

2

®

current Use

A large number of species of aquatic plants require eradication
from selected environments. The damage caused by some of these plants and
their removal has been reviewed recently by Steenis (1966). For example,
the upright emersed phragmites (Phragnites communis) is a highly adaptable
plant which readily becomes dominant in disturbed environments such as
marshes and fill areas near dredging sites. Fire hazard is caused by this
dense grass along canals, oil storage sites, industrial locations, power and
telephone lines (e.g., East River and Lower Hudson River in New York City)
and elsewhere. This plant also dominates marshes, destroys wildlife habitats,
ana furnishes roosting places for blackbirds which are hazardous to jet
Planes during landing and takeoff. Steenis (1966) has described some control
treatuents effective against this plant:

"Habitat differences often alter control specifications. Phragmites
were controlled in dry sites, when 2% ft high to early fruiting, by
amitrole-T at 12 1b. ai/A (active ingredient/acre), by dalapon at 30 1b.
ae/A (acid equivalent/acrz), and by the combination of amitrole-T at 2 1b. ai
Plus dalapon at 10 1b. ae/A. In wet but unflooded sites, the period for control
was from full growth prior to tasseling to early fruiting (Beck and Steenis ,
1964). Amitrole-T at 15 1b. ai/A, dalapon at 50 1b. ae/A, and the combination
of Amitrole-T at 4 1b. ai plus dalapon at 20 1b ae/A were effective. 1In
flooded habitats the pericd for control was during flowering to early fruit-
ing. Amitrole-T at 15-20 1b. ai/A, and the combination of amitrole-T at
4 1b. ai plus dalapon at 20 1i. ae/A were effective; but, dalapon alone at
any concentration was not {Steenis et al., 1959)."

Other examples of plants known to be troublesome are the water
hyacinth (Eichhornis cressipes), alligatorweed (Alternanthera philoxeroides),
spatterdock (various Nuphar species), lotus (Nelumbo lutea), duckweeds
(Lemna minor, the common duckweed; Spirodella polyrhyza, giant duckweed),
water chestnut (Trapa natans), sea lettuce (Ulva lactuca), water lettuce
(Pistia stratiotes), filamentous algae (Zygnema, Spirogyra and Qedogoniun),
and Eurasian watermilfoil (Myriophyllum spicatum). These plants together
vith phragmites are among the aquatic weeds which cause serious difficulties
in mankind's use of some aquatic environments.

The water hyacinth is an important southern weed which usually
grows as a {ree-floating plant in fresh water and reproduces primarily by a
vegetative ruot stalk method but also by seeds. Since they are free-floating,
vater hyacinths are readily dispersed in water. Their growth can be so
extensive that they almost completely cover the water surface (Figure IV-1),
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impede boat movement, and reduce oxygen levels in the water so that game fish
cannot survive (Eggler, 1953). Water hyacinths as well as alligator weeds
were introduced from South America (Steenis, 1966) and both plants were early
recognized as potential weed problems. In 1902 the Corps of Engineers
instituted a program for control of water hyacinths in Louisiana with the
herbicide sodium arsenite. Later this group developed a number of mechanical

devices to control the water hyacinth (zur Burg et al., 1967; Wunderlich, 1964).

In 1944 experiments conducted at the University of Southwestern
Louisiana showed that almost any 2,4-D derivative would destroy the water
hyacinth, and in 1945 experiments were begun there io determine effective
dose levels of 2,4-D compounds for removing this aquatic weed. The effective-
ness of 2,4-D derivatives in removing water hyacinths is very good: this
plant is well controlled by application of 2-4 lb/acre of 2,4-D amine salt
or its low-volatile esters. Diquat or amitrole-T is also effective and at
levels of 1-1.5 lb/acre (Harrison et al., 1966), In spite of control efforts
in the southern states on water hyacinth, as well as on alligator weed, these
weeds have not yet been controlled. The effectiveness of 2,4-D compounds in
removing water hyacinths was in fact later found to be followed by a massive
increase in alligator weed, which apparently is inhibited by the water
hyacinth umbrella (zur Burg et al., 1967). Thus in 1959 in 8 southeastern
states it was estimated that water hyacinths and alligator weeds respectively
infested 265,980 and 121,220 acres of aquatic environment. Estimates for
1963 indicated that infested acreage under control amounted to 161,554 for
water hyacinth and 44,110 for alligator weed, and in untpeéted or uncontrolled
areas the acreages were respectively 417,950 and 183,636 (House Document 251,

1965).

Alligator weed is a rooted emergent which grows best in shallow
water over a mud bottom and thrives in the Gulf coastal area of the United
States (e.g., in the delta and floodplain areas of the Mississippi River and
in other rivers flowing into the Gulf of Mexico) It grows in fresh as well
as in brackish water. Iree-floating pieces do not grow well, but they remain
alive and begin growing when they reach a proper .area for rooting (Eggler,
1953). This weed has spread to other parts of the :ountry, and thousands of
acres are infested from Texas to Virginia. The plant is highly aggressive
and adaptable, and its unobstructed growth blocks. navigation channels,
municipal water supplies and drainage and irrigation ditches. Because of
its dense growth it provides optimum conditions for mosquito breeding, and
few fish or other aquatic animals can live beneath its dense floating mats
which create a low-oxygen environment. It competes with food and cover
plants and is therefore harmful to the native wildlife. It can even invade
canefields and reduce yields from sugar cane (McGilvrey and Steenis, 1965),
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Alligator weed was first reported in the United States in 1897
(Harrison et al., 1966 ). It was pointed out as early as 1901 that alligator
weed was a serious potential threat to water environments. The alligator
weed is almost universally considered to be a weed of no economic value,
although some cattlemen in southwestern Louisiana use it as a feed for cattle
in winter (zur Burg et al. , 1967). Alligator weed is not, however, limited
in this country to the Gulf Coast area. For example, this weed was spread
widely through the South Carolina low country by 1939. At this time in Lake
Marion, which comprises 110,600 acres, 500 acres of alligator weed were
found in widely scattered regions. In Lake Moultrie, which comprises 60,400
acres, the weed was sparsely distributed. Control measures were initiated
in 1943, tut these measures were ineffective. Use of 2,4-D was begun in 1947,
but it was discontinued in 1950 since this herbicide - s found to destroy
only the aerial portion of the plant. Excellent control against rooted
alligator weed was later achievable in water not over 18 inches deep with
granular silvex at a rate of 20 1lb. acid equivalent per acre. A primary
problem in these South Carolina reservoir lekes nevertheless remains because
of reinfestation from floating mats (Power and Walsh ,1965) . In 1949 the
lakes contained 20,000 acres of alligator weed, which was reduced to 7,000
acres in 1959 and to about 2,500 acres in the 1960's. During 1964 521 acres
were treated (material costs averaged $35 per acre for granular 2,4-D and
$75 per acre for granular silvex) (Power and Walsh., 1965) .

Various herbicidal treatments, in addition to the ones described
above, against alligator weed have been reported by Weldon and Blackburn
(1965), Lawrence and Funderburk (1965), zur Burg et al. (1967) and others.
Zur Burg et al. (1967) have concluded that the basic reason for the lack of
control of alligator weed is due to the fact that its dormant buds are highly
resistant to almost any chemicul treatment.

Eurasian watermilfoil is a rooted perennial which can produce thick
surface mats of vegetation (sometimes over 7 £t thick) which seriously.
interfere with the harvesting of fish, crabs and shellfish. Overgrowth with
this plant also damages waterfowl habitats by crowding out duck food and
other native plants, and it can seriously hurt recreational uses and real
estate values of the affected areas. It can provide excellent breeding
habitats for mosquitoes, & problem which is especially significant in areas
such as the Tennessee Valley Authority reservoirs where malaria mosquitoes
pose a serious problem. This milfoil hs: invaded fresh and brackish waters
along the Atlantic coast and is becoming established in inland lentic
habitats throughout the United States. "At present this plant is established
in the Northeast in Massachusetts, Vermont, New York, Pernsylvania, New Jersey,
and Delaware. In the Midwest it is reported in Ohio, Indieéna, Illinois, and
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Wisconsin. It is now invading lekes or estuarine areas in Maryland,
Virginia, North Carolina, Georgia, Florida, Alabama, Louisiana, Texas, and
also reported in California. New invasions in “he Southeastern States have
recently occurred at Lake Seminole, Georgia; Chassahowitzka Lske, Florida;
Caddo Lake, Louisiana; and several interior ponés in Texas. Eurasian water
milfoil also tecame more widely spread in other aquatic habitats in the
States where it previously occurred." (Crowell et al., 1967).

Once this plant has invaded an area it can increase raridly. For
example, it has rapidly spread over 200,000 acres throughout the Chesapeake
Ray area and its tributaries during approximately the past 10 years. Another
example of Eurasian watermilfoil's impressive growth potential can be pro-
vided by citing its recent increase in the Currituck Sound region of North
Carolina where in 1965 only 100 acres was classified as infestation stage
and 500-1,000 acres as initial establishment of the plaat. By the summer of
1966 approximately 8,000 acres was classitied as heavily infested with
milfoil and the plant was established in another 67,000 acres (there are
about 98,000 acres of open water in Currituck Sound plus an additional
23,000 acres »f connecting waterz of Back Bay).

Noteworthy economic losses are incurred by overgrowth with Eurasian
watermilfoil. In the Chesapeake Bay area, under proper management oystermen
every three years can harvest oyster crops valuedl at $2,400 per acre. In
the Currituck Sound-Back:Bay area in recent years approximately 85,000
largemouth bass and 30,000 waterfowl have been harvested annually (and the
majority of this harvest occurred in the areas most endangered by the
watermilfoil). With overgrowh of watermilfoil this production is lost.

Herbicides have been successfully used for Eurasian watermilfoil
reduction or removal beginning with early tests employing phenosxy formula-
tions (Rawls, 1965). A 2,4-D treatment has been developed which is not
harmful to food-chain organisms or to ccmmercial fish growing in the
Chesapeake Bay area. Also, oysters and clams are not adversely affected by
this treatment of milfoil, and analytical studies have shown that these
shellfish tend to cleanse themselves of 2,4-D residues (Steenis, 196€),
Experiments of Lowe cited by Rawls (1966) on oysters exposed to 2,4-D BE#
a concentration of 0.1 ppm in flowing sea water for 7 days showed that the
oysters accumulated an average of 18 ppm of this herbicide, but after
"flushing" for 7 days no 2,4-D BE residue could be found in their tissues.
Thus . even if oysters required as long as several months to free themselves
of residual herbicide, treatment of the oyster beds during the vulnerable:
milfoil period would find the oysters essentially free of residue by the
September harvest period.

* Butyl ester of 2,4-D. Y



For control of Eurasian watermilfoil available evidence indicates
that 2,4-D is the herbicide of choice. Time and habitat are factors which
influence the application of this compound:

"Differences in habitat also determine specifications for control
of Eurasian watermilfoil. A standard procedure for control of this plant
is dispersal of 2,4-D ester on attaclay granules at the rate of 20 1b. ae/A.
In tidal waters and reservoirs, best results have occurred with butoxyethanol
ester of 2,4-D because the balance of residual and release of this formulaticn
seems best adapted in these situations. However, in lakes other 2,4-D esters
have been equally effective," (Steenis,.1966) Crowell et al. (1967) have
indicated that the nonvolatile esters of 2,4-D impregnated in attaclay
particles applied at 20 1b. acid equivalent per acre is a satisfactory
"level for selective and safe control of this plant and results in a release
of growth of desirable native plants such as southern naiad, wildcelery,
- redhead grass, sago pondweed, and widgeongrass which serve as waterfowl food.

The water chestnut is another aquatic weed that can effectively
prevent use of water areas by man and destroy animal wildlife habitats.
This plant is of Asian origin and was introdvced into New York in about
18684, presumably to decorate a pond. In 1900 it was a common decorative
plant on the Washington Mall. The waterchestnut is an annual aquatic plant
vhich forms a dense cover of overlapping leafy rosettes. Each rosette can
produce 15-20 hard, thorn-covered seeds, each approximately the size of a
hickory nut. The seeds are buoyant and can be transported by water currents.
Moreover, they remain viable for several years and therefore complicate
control operations (Rawls, 1964; Steenis and Stotts, 1966; Steenis and
Elser, 1967).

Water chestnut infestations occur primarily in New York and Maryland.
In New York these plants are mainly in the Hudson-Mohawk Valley area wiere
it is well established (as well as more vigorous and more resistant to con-
trol than in Maryland ). In Maryland infestations occurred in the upper
Chesapeake Bay area. Although this plant does not infest saline water, there
is & large area of fresh water in the upper Bay which can be invaded.
(Steenis and Elser, 1967). By 1923 water chestnuts were found in Oxon Run
opposite Alexandria and 10 years later 10,000 acres were occupied by this
plant in the Potomac (Rawls, 1964).

Removal of water chestnuts from the Potomac area was instituted

becuu e these pilants were seriously interfering with navigation. The U.S.
Army Corps of Engineers successfully utilized underwater mowing techniques
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for its removel, and during recent years water chestnuts have seldom been seen
in the Potomac. Water chestnut control in this area can be achieved with only
hand removal (Rawls , 1964) .

In the New Yoik area good progress has been made in controlling
water chestnuts with 2,4-D, although this compound has not been uniformly
successful. 2,4-D was applied with variable success in the fresh and slightly
brackish waters of the upper Chesapeake Bay. Extensive cutting and pulling
operations are also conducted in the Bay area (Steenis and Stotts, 1966);
Steenis and Elser, 1967)., Apparently 2,4-D has been used successfully for
controlling blanket growths of water ~hestnut where there is little or no
water movement. However, preliminary tests showed that combinations of 2,4-D
(at 4 1b. acid equivalent per acre) with other chemicals such as dicamba (at
2 1b. acid equivalent per acre) gave better control in tidal areas (Steenis
and Stotts, 1966) .

Water lettuce (Pistia stratiotes) is s floating water plant which
develops an extensive root systems (18 to 36 inches long); the plants interlock
to form thick masses of vegetation which are strong enough to stop a boat,
interfere with fishing and lower the dissolved oxygen in the water below them.
It is a problem primarily in areas that remain warm all year. Cold weather,
not necessarily freezing, will kill it. Mats of water lettuce serve as breed-
ing grounds for a number of species of disease carrying insects including
those insect vectors for encephalomyelitis and rural filariasis (Provost
1349; and cited by Weldon and Blackburn, 1967).

A number of herbicide formulations have been examined to determine
& satisfactory control procedure. 1In a study at Fort Lauderdale, Florida,
atrazine at 20 1b. per acre gave 80% control, 2,4-D FGBE* ester at 8 1b. per
acre gave 76% control and diquat at 1.5 1b. per acre gave 97% kill (Weldon
and Blackburn, 1967),

An extensive literature on other weeds exists. For example: duck-

. weeds (Blackburn and Weldon, 1965a); cattail (Timmons et al., 1963); elodea.

(Blackburn et al., 1366); coontail and soutiern naiad (Whlte, 1963); etc. °

Methods of Aquatic Weed Control with Herbicides

The need for aquatic weed control has been discussed earlier. The
question considered here is, what are the best, cheapest and quickest methods
to control these vast expanses of aquatic weeds? Unfortunately there is not
any simple answer which will apply to all kinds of weeds under all situations.
Based on the knowledge that mechanical injury to water hyacinth plants killed
them, boats were constructed which would pick up the hyacinth from the water,

* Propylene glycol butyl ether ester of 2,4-D.
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put it through rollers and put it back into the water. This method killed the
hyacinth as planned but it served to spread other aquatic weeds (King, 1966).
The introduction of 2,4-D in its various formulations and some of the newer
herbicides have enabled men to control more weeds with less manpower thin any
other method currently available. The subjects to be discussed in thie zection
include: (1) problems in the use of herbicides for effective aquatic plant
control, (2) selection of chemicals for the control of specific aquatic weeds
and (3) the future of biological weed control methods alone or in combination

with herbicides.

The use of herbicides for the control of aquatic weeds poses some
unique problems due in part to differences in plant morphology &and in part to
the differences in the plant environment. When trees, brush and other ter-
restrial weeds are sprayed with herbicide, relatively large quantities of the
herbicide-spray actually contact the foliage, stem and in some cases the roots
(1.e., following precipitation). A similar direct application of herbicide
spray o the exposed portion of aquatic vegetation is possible and for some
weeds his is enough since the translocation process carries the herbicide
throughout the plant. On the other hand for the submersed weeds and for the
parts of the otlier weeds under the surface of the water the physical problem
of carrying the herbicide directly to the plant without great dilvtion in a
large mass of water is much greater than for the land weeds. Another problem
is caused by differences in the plants themselves; a number of aquatic.weeds
such as the water hyacinth, pond 1lily, etc., are covered with a waxy coat
which is only slightly permeable to aqueous solutions. Some of the other
weeds such as elodea are highly permeable and nearly anything soluble in
water can get into the plant. 1In selecting a herbicide, a formulation and an
application method, one should consider all these factors in order to optimize
the opportunity for the herbicide to be absorbed by the plant.

The application methods most used for the control of aquatic and
ditchbank weeds involve the spraying of a herbicide (1) as an aqueous solution,
(2) a nonaqueous solution (e.g., fuel oil solution of a 2,4-D ester), (3) the
spraying of an invert emulsion (i.e., a water in oil emulsion which inverts
when placed in large quantities of water) (Weldon, et al., 1966). An al-
ternative method of dissemination often used consists of the broadcast dis-
tribution of a granular formulation (such as 2,4-D compound on attaclay
granules). The latter are used particularly as a means of getting release of
the herbicide close to the roots in the mud or silt bottom.

In the selection of a particular chemical for the control of an
aquatic weed the easiest place to start is with a chart such as that given in
Table IV-1. 1In this chart the weeds are arranged by types and the recommended
herbicide and the rate of application are given together with a few precautions
which should aid in preventing unnecessary damege to the fish or other biota.
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SUGGESTFD CONTROL MEA"

TABLE IV-1

S FOR COMMON AQUATIC WEEDS OF FLORIDA

Rate of

(RPotamogeton spp. )

97

Weed Status®/ Herbicideb/ Applicationt/ Remarksd/

AIGAE
Plankton: R Copper sulfate 0.25 ppmw Sof't water

(Microcystis, R do. 1.00 ppmw Hard water

Anabaena, and

/phanizomenon)
Filamentous: R Copper sulfate 0.5-1.0 ppmw Soft water

(Spirogyra, R do. 1.0-2.0 ppmw Hard water

Oedogonium,

Hydrodictyon, R Endothall (amine salt) 0.25-1,0 ppmw TOXIC to fish

Pithophora, and

Cladophora ) S Sodium arsenite 4 ppmw CAUTION: TOXIC to mammals

Follow label directions

High v algae: R Copper sulfate 1-2 ppmw Soft wuter

(Chara and Nitella) R 2 2-3 ppuw Hard water

S Sodium arsenite 4 ppmw CAUTION: TOXIC to mammals
Follow label directions

3 Dichlobenil (granular) 6-10 1b/A droadrast over weeds

SUBMERSED WEEDS
bladderwort R diquat 0.25-0.5 ppew Inject or aprply on surface of non-
(Utricularia spp.) flowing water.
1-2.5 ppmw Inject or apply on surface of
slow-floving water.
Do NOT apply diquat to muddy
water,

R acrolein 4-7 ppmv Inject underwater; toxic to fish.

R ¢ndothall (amine salt) 1-2 ppew Inject in nonflowing weter; toxic
to fish.

2-4 ppmw Inject in slow-flowing water;
toxic to fish.

R aromatic solvents 20-80 ppmv Inject underwater; toxic to fish.

R godium arsenite 4 ppmw CAUTION: Toxic to mammals. 1In-
Ject in ponds or lakes.

coontall R Same as for bladderwort
(Ceratophyllum
demersum L. ) S endothiall (disodium or 2-4 ppow Inject in ponds or small lakes.

dipotassium)

eelgrass R endothall (amine salt) 1.5 ppmw Inject ponds or small lakes; toxic

(vallisneria spp.) to fish.
S Dichlobenil (granular) 10-20 1b/A Broadcast over weed area.

clodea R acrolein 4-7 ppmv Inject underwater; toxic to fish.
(Elodea canadensis R endothall (amine salt) 2-4 ppmw Inject underwuter; toxic to fish.
Michx., Elodea densa R aromatic solvents 20-80 ppmv Inject underwater; toxic to fish.
(Planch.) Caspary) S sodium arsenite 4 ppmw Inject in ponds or lakes.

CAUTION: Toxic to mammals.

S diquat 1-2 ppmw Inject or apply on surface of
nonflowing water. Do NOT apply
diquat to muddy water.

naiad, southern R Same as for bladderwort
(1lajas guadalupensis
( ‘preng.) Magnus)

T ndweed R Same as for bladderwort

T e
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TABLE IV-1 (Continued)

Rate of

Weed Statusy/ Herbicideb/ Applicesionc/ Remarka?/

SUBMERSED WEEDS (Concluded)

widgeongrass R diquat 0.5-1.5 ppmw Inject or apply on surface of non-

(Ruppia maritima L.) flowing water. Do NOT apply
diquat to muddy water.
FLOATING WEEDS

duckweed R diquat 0.25«1 ppow Foliar spray or injJect in non- i
(Spirodela polyrhize flowing water, Do NOT arply
(L.) Schleid; Lemna minor diquat to muddy water. :
L.; Wolffia spp.)

salvinia R diquat 1-2 1b,/A Spray on foliage.
(Salvinia

coturdifolia Willd.)

water hyacinth R 2,4-D (amine salt) 2-4 1b/A Spray on foliage. |
(Eichhornia crassipes R ?,4-D (low-volatile esters) 2-4 1b/A Spray on fol‘age using water or | 81
(Mart, ) Solms.) fuel oil.
R diquat 1-1.5 1b/A Spray on foliage, .
R amitrole-T 1-1.5 1b/A Spray on foliage.
s 2,4-D (oil-solu::le amines) 2-4 lb/A Spray on foliage. L8 |
water lettuce R diquat 1-1.5 1b/A Spray on foliage. .
(Pistia stratiotes L.)
frogbit R 2,4-D 4 1b/A Spray on foliage.
(Limnobium spongia) )
R diquat 1 1b/A Spray on folisge.
FMERSED WEEDS L]
alligatorweed R silvex (low-volatile esters) 8 lb/A Spray on foliage. Repeat ap- ..
(Alternanthera plication when regrowth is
hiloxeroides 4-6 in, above water surface. »e
(Mart.) Griseb.) R silvex (gramular) 20-30 1b/A Use only on rooted alligatorweed
growing in 6-8 in. of water, g
Broadcast over weed surface,
-4
arrowhead s ?,4-D (low-volatile esters) 4-8 1b/A Spray on foliage using water
(segittaria spp.) or fuel oil. o
S silvex (low-volatile esters) 4-8 lb/A Spray on foliage using water or
fuel oil. i
bulrush S 2,4-D (low-volatile wsters) 4-8 lb/A Spray on foliage using water or =
(Scirpus spp.) fuel oil.
cattatl R dalapon 15-20 1b/A Spray on foliagc. =
(Typha spp. ) R dalapon plus diesel oil 5-10 1b/A Spray on foliage.
(emlsifiable) 10 gpa
] emitrole-T 4-6 1b/A Spray on folisge. Two applica- | ]
tions 1 month apart.
parrotfeather S 2,4-D (low-volatile esters) 4-8 1b/A Spray on foliage, it
(Myri.phyllum 8 2,4-D (granular) 20 1b/A Broadcast over weed swrface,
brasilicn - Canb.) ] Silvex (granular) 1-2 ppow Inject ponds or small lakes, b
pennywort, water ] 2,4-D (amine salt) 2-6 1b/A Spray on foliage using 0.1% v/v
(Hydrocotyle spp.) surfactant.,
3 diquat 1.5 1b/A Spray on foliage.
l |
1
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TABLE IV-1 (Continued)

Rate of

(Phrogmites communis
Trin.)
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Weed statusd/ Herbicided/ Applicati on/ Remark 59/
EMERSED WEEDS (tonciluded)
pickerelweed s silvex (low-volatile esters) 4-8 lb/A Spray on foliage.
(Pontederia s silvex (granular) 20 1b/A Broadcast over weed surface,
cordata L.)
p: imrosewillow R 2,4-D (amine salt) 2-6 lb/A Spray on foliage.
(Jussiaea spp.)
rush s silvex (low-volatile esters) 4-8 10/4 Spray on foliage using water or
(Juncus spp.) fuel oil.
s 2,4-D (amine or emulsifiable 6-8 1b/A Spray oa folisge,
acid)
sawgrass R Underwater mowing.
(Cladium jamaicense
Crantz) 8 dalapon plus diesel oil 10-20 lb/A plus Spray on folisge.
(emulsifiable) 20 gpa
smartweed S 2,4-D (low-volatile esters) 4-8 lb/A Spray on folisge using water or
(Polygonum spp. ) fuel oil.
spatterdock s 2,4-D (granular) 30-40 1b/A Broadcast over weed surface.
(Muphar advena ] silvex (low-volatile esters) 2-4 ppmw Inject ponds or small lakes.
(Ait.) Adt. £.) 8 silvex plus endothall (1:1 2-4 ppmw Inject ponds or small lakes.
ratio)
waterlily s Seme as for spatterdock.
(Nymphaea spp. ) s 2,4-D (low-volatile esters) 4-6 1b/A Spray on foliege using water or
fuel oil. Repeat frequently.
watershield ] Same as for spatterdock Seme a8 for spatterdock.
(Brasena schreberi)
AQUATIC AND DITCHBANK GRASSES
cutgrass; southern 8 dalapon 5-20 lb/A Spray on foliage. Repeat ap-
(Leersia hexendra Sw.) plications.
knotgrass R Bromacil 20-40 lb/A For muck; 1/2 rate for mineral
(Paspalum distichum L.) scils.
R Diuron 20-40 1b/A For muck; 1/2 rate for mineral
goils.
(Both R are soil sterilants)
8 Dalapon 5-10 1b/A Spray or foliage using 0.1% v/v
surfacants. Repeat applications.
maidencane R same as for knotgrass
{Panicum hemitomon
Schult. ) R dalapon 15 1b/A Spray on foliage. Repeat applica-
tions.
paragrass R Seme as fcr knotgrass
(Panicum purpurascens R dalapon 5-10 1b/A Spray on foliage. Repeat applica-
Raddi) tions 2-3 weeks apart.
reed, common s dalapon 20 1b/A Spray foliage at preflowering

stage.
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TABLE IV-1 (Concluded)

Weed StatusE/ Herbicided/

Rate of
AgglicationS/

Remark sy

AQUATIC AND DITCHBANK GRASSES (Concluded)

torpedograss 5 dalapon 15-20 1b/a Spray on foliage, Repeat ap-
( Panicum repens L.) plications 2-3 weeks apart.

water paspalum 8 dslspon 5-10 1b/A Spray on foliage using 0.1% v/v
(Paspalum fluitans surfactant. Repeat applications.
(E11.) Kunth)

watergrass, southern ] Undervater mowing.
(Hydrochloa ceroliniensis
Beauv, )

DITCHBANK BRUSH AND TREES*

castorbesn R 2,4,5-T 4 1b/A Spray plants when small or trent
(Ricinus communis L.) resprouts from stumps.

guava, commc R 2,4,5-T 4 1b/a Spray entire plant or resprouted
(Psidium guajava stumps.
Rsddi L.) R fenuron 20 1b/a Very toxic to all plants.

pepper tree, Brazilian R 2,4,5-T Seme as for common
(Schinus terebiathi- guava.
folius Raddi L.) R 2,4,5-T (ester form) 16 1b/100 gal Cut down tree and paint stump.

oil,

pine, Australian R 2,4-D or 2,4,5-T 16 1b/100 gal Use as a frill or stump trertment.
(Casuarina equisetifolia oil
Forst.)

seamyrtle R fenuron 20 1b/A Very toxic to all plants.
{Baccharis halimifolia
L.)

* TFor wixed ditchbanks, grasses, brush ard small trees:
R Amitrole-T 2-5 ib/a Split applications

CAUTION: Do not contaminate water when applying herbicides to bank weeds and brush.

y Status: R - Recommended for setisfactory coatroi.
S - Suggested for possible or partial control.

E/ Herbicides referred to by common name, see Herbicide Handbook, Weed Society of America, 1967.
_<_:/ Abbreviations used: ppmw = parts per million by weight; ppmv = parts per million by volume; 1b/A = pounds per acre:

and gpe = gallons per acre,

y Where foliar application ie recammended, mix herbicide in 150 gpa water unless otherwise specified,

Source: D. 8. Harrison, R. D. Blackburn, L. W. Weldon, J. R. Orsenigo and G. F. Ryan, Aquatic Weed Control. University of
Florida Agricultural Extension Service Circular 219B, August 1966, 16 pp.
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The reader is also referred to the USDA Agriculture Handbook No. 332 (1967)
which follows a similar format but lists scme additional treatments for aquatic
weed control. A much more comprehensive listing of weeds and the herbicides
which control them has been compiled by Lawrence (1962 and 1966). Listings

of chemicals and the weeds they control has been assembled by Blackburn

(1966a) and also by DeVaney (1967).

McClure (1965) points out that it is not enough to maetch the her-
bicide and its formulation to the weed being killed. The intended use of the
water must also be considered; for example, a 2,4-D compound should not be
used in an irrigation ditch if the water is going to irrigate a 2,4-D sensitive
crop such as cotton, etc. (Bruns and Yeo, 1964).

A number of other chemicals which are being used in the control of
aquatic and ditchbank weeds and which have beer. cuitted from this table are
listed here:

Atrazine 2-Chloro-4-ethylamino-6-isopropylamino-s-triazine
Dicamba 2-Methoxy-3,6-dichlorobenzoic acid

Dichlone 2,3-Dichloro-1, 4-naphthoquinone

DSMA Disodium methanearsonic acid

Fenac acetamide 2,3,6-Trichlorophenylacetamide

Fenac sodium 2,3,6-Trichlorophenylacetate, sodium

MCPA 2-Methyl-4-chlorophenoxyacetic acid

MSMA Monosodium methanearsonic acid

Paraquat 1,1'-Dimethyl-4,4'-bipyridinium salt

Picloram 4-Amino-3,5,6-trichloropicolinic acid

Since new compounds are being developed and old compounds are being
formulated for use on aquatic weeds this listing will not be complete.

The word "control" is used frequently in describing aguatic weed
management. It usually means that the numbers of weeds have been greatly
reduced or that the area of open water has been enlarged. Seldom does it
mean that the noxious weed is completely eliminated or that some other noxious
weed will not become dominant. Therefore, repeated applications of herbicides
at appropriate intervals, depending upon the circumstances, will be required
for the majority of treated areas.

In the future it would be highly desireble if aquatic plants could

be used for some beneficial purpose rather than destroyed. Several approaches
to this prohlem have heen considered. Jange (1965) reports that a project is
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being conducted at Caddo Lake in cooperation with Texas A and M which involves
the harvesting and drying of the aquatic weeds and feeding them to cattle,
swine and poultry. Results show that 13 tons of the weeds are required to pro-
duce one ton of dried meal. Because of its high xanthophyll content this meal
may be useful as a component in broiler feed. Another approach would use the
Nile tilapia (Tilapia nilotica), and the Congo Tilapia (Tilapia melanopleura),
two herbivorous fish, for the control of aquatic vegetation (Pierce and Yawn,
1965). In experiments conducted in Atlanta,Georgia,it was found that the
Tilapia did a fine job in cleaning ponds of the branched alga Pithophora.

Two difficulties were encountered: when the water temperature fell to 50°F
the ish died and secondly the Tilapia apparently did not reproduce if there
are bass present in the lake. Sguros (1965) describes an experiment using the
Florida Menatee for weed control. In their experiment one male and three fe-
male Manatee ranging in weight from 350 to 2,000 1b. and up tc 12 ft in
length were adapted to fresh water. They consumed large quantities of
southern naiad, bladderwort, cattails and spike rushes but waterlily types
such as spatterdock and arrowhead were assiduonsly avoided. They made 2 half
mile of weed-choked canal navigable in a week. Other methods of biological
control are being investigated and these include use of snails (Blackburn and
Weldon, 1965).. and plant eating insects (Hawkes, 1965). and many others. TFor
the foreseeable future herbicides will continue to be the method of choice
for mest aquatic weed control. Insects for the control of alligatorweed may
be an exception.

Economics of Aquatic Weed Control

An accurate assessment of the economic losses due to aquetic vegeta-
tion is not available even for this country, although the costs must be very
high since, for example, in Louisiana alone from 1946-1950 the loss from
aquatic weeds was about $35 million per year(zur Burg et al., 1967). Apart
from estimated losses due to aquatic weeds, it has teen estimated that about
$5,500,000 is spent anaually for treating lakes and ponds in the U.S., and
this emount of money was for treatment of only approximately 10% of the weed
infested arees. Moreover, in 17 western states in 1957, 63,448 miles of
canals were treated for aquatic weeds which represented 54% of the aquatic
weed infested area (Timmons, 1963). Table IV-2 taken from Timmons' paper
(1963) shows the total lake acreage treated with herbicides for control of
weeds.,

Large sums of money are spent in other countries also. For example,
the Sudan government spends $1.5 million annually to reduce the quantity of
water hyacinths which choke the White Nile. Some years ago, the Belgian
government spent $1 million to clean approximately 1,000 miles of the Congo
River of this same aquatic plant. Further examples of aquatic weed problems
are furnished by Nicaragua, India and other countries (Holm, 1967) .
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TABLE IV-2

TOTAL ACREAGES IN LAKES TREATED WITH CHEMICALS
FOR CONTROL OF AQUATIC WEEDS, 1961 SURVEY

Acres No. of States
Kind of Weed Treated * Reporting
Filamentous algae 10,552 14
Nonfilamentous algae 33,808 10
Rooted submersed 15,373 16
Rooted emersed 10,57€ 16
Floating 39,611 10

Rether elaborate calculations of the annual benefits of the Ex-
panded Project for Aquatic Plant Control (House Document 251) in the states of
Alabama, Florida, Georgia, Louisiana, Mississippi, North Carolina, Scouth
Carolina and Texas have been compiled:

Flood and control and drainage (urban) $ 580,000
Water and flood control (agriculture) 3.590,000
Fish end wildlife 3,210,000
Recreation 3,600,000
Mosquito control 170,000
Water supply 100,000
Pollution control 2,610,000

Total Annual Benefits $13,960,000

In addition to these estimated benefits which appeared to be very conservetive
attention is called to the fact that if there had been no control program the
area of infestation would have grown from 387,200 acres in 1959 to 601,590
acres in 1963, The cost for treating 187,660 acres amcunted to $187,600 or

an average cost of $21.45 per acre. Figures IV-2 and IV-3 show some equipment
and some results of this program conducted by the U. S. Army Corps of Engineers.

A drainage engineer has estimated the hand labor costs on clearing
a certain ditch at $3,000 per mile, with the trimming out of regrowth a year
later at $900 per mile. Chemical control in the same ditch costs $700 per
mile the first year and the second spraying a year later costs only $300
(Aoramson, 1965).

* Does not include Viestern States.
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Courtesy U.S. Army Corps of Engineers

Figure 1V-3 - Typical Hyacinth Infestation Before Treatment (avove)
and Seven Months After Treatment {below).
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Montgomery (1965) reports that the Bureau of Sport: Fisheries and
Wildlife spent $20 an acre for the control of aquatic weeds in the waters of
the southeastern National Fish Hatcheries during the calender year of 1963.
This treatment improved the haditat for the fish and the fishing for the
sportsmen.

Ecological Consequences cf Aquatic Weed Control

A toxicological study on the effects of 2,4-D (BEE)* impregnated at-
taclay pellets was carried cut in experimental one-acre tidewater plots in
Potomac tributaries in the Chesapeake Bay area (Beaven et al., 1962). For
this study caged cysters, crabs, clams and fish were held near the center and
outside of plots of Eurasian watermilfoil (Myriophyllium spicatum L.) during
and after treatment with the 2,4-D preparation. They found that when normal
aerobic conditions were maintained, 30 1b. acid equivalent per acre, neither
caused mortality to the fauna nor killed the native plants., These authors
point out, however, that a series threat to bottom organisms can occur when
large mats of decomposing milfoil remain on the bottom.

In another study in the Chesapeake Bay area on the toxicity to caged
estuarine animals of herbicides used to control Eurasian watermilfoil of the
compounds tested only 2,4-D acetamide appeared to be dangerously toxic to
test animals at levels needed for milfoil control. (Rawls, 1965). Blue crabs
(Callinectes sapidus), eastern oysters (Crassostrea virginica), softshell
clams (Niya arenaria) and various species of fish were studied using princi-
pally 2,4-D formulations (FGBEE, BE, IOE, and acetamide 2,4-D compounds and
silvex were among the agents tested). The field tests were run over a number
of years (1960-1963). All the caged animals died in the milfoil plot where
2,4-D acetomide was applied at 20 1b. acid equivalent per acre. Rawls (1965)
has briefly reviewed the toxicity literature dealing with the effects of her-
bicides on estuarine animals. (See also Pierce, 1959, and Yeo, 1967.)

Probably the greatest effect that herbizides have on a fresh-water
ecosystem is the destruction of the weeds. This is particularly important to
man and wildlife since aquatic weeds endanger human health and reduce food
supplies. Wet weed mats are the natural breeding places for insects which
¢arry humen and animal diseases (e.g., bilharziasis, malaria). Heavy mats of
floating weeds shut out the light so necessary for the oxygenation of the
water and the survival of fish. In many areas, river communities depend
heavily on the fish for a source of protein to balance their grain diet
(Holm, 1967).

* Butoxyethyl ester of 2,4-D.
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Water lettuce, alligatorweed, water hyacinth, and other weed species
are a serious problem in the southern United States and other tropical areas
when they choke irrigation canals and cut off the water supply to the {arms
supplying man's food needs. These same plants may cause flooding of farm
lands and the formation of mats which may push over bridges in time of iloods;
they may also blcck ships so they cannot enter the channels. Such things as
bridges and boats are important in maintaining man's food chain.

Many observers have noted that when a weed covering the surface of a
body of water is destroyed, there is a sequence of events occurring which
leads to a replacement of the destroyed vegetation--often with another weed.
In the case of water hyacinth removal, alligatorweed often moves in to re-
prlace it. Experience shows that this or similar plant succession occurs after
either chemical or mechanical weed removal of weeds.

The consequences of not using herbicides for aquatic weed control

may be as serious to man and some wildlife as any consequences from using them.

Water weeds have not always been a problem and their removal helps to restore
the fresh water aquatic enviromment to its original or natural state,

If herbicides can prevent the spreading of aquatic plants to larger
areas without producing other direct toxic effects, they will be helping to
Preserve fresh-water ecosystems rather than destroying them. We are of the
opinion that the consequences to ourselves and to wildlife habitat will be
greater if we do not control the ajuatic weeds than if we do. Herbicides
properly used can do an effective job of weed control; biological weed control
measures may be increasingly important in the future but for the present man
will probably centinue to use the weed control method which does the necessary
job at the lowest cost.
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V. MILITARY APPLICATIONS OF HERBICIDES

Unlike civilian applications of herbicides in forestry, range
management, and aquatic weed control, the development and use of herbicides
for military purposes have not been adequately documented in the scientific
literature. Although many post-war military herbicide investigations have
been unclassified, the military technology relating to defoliants, desic-
cants and chemical agents for drop destruction has received little atten-
tion in the chemical, botanical, and ecological journals.

Within the past few years, a general concern has been expressed by
the scientific community regarding the use of vegetation-control chemicals by
the military. Therefore, in order to provide a better basis for considering
the ecological consequences of various military uses of herbicides, these
applications must be described in somewhat greater detail than are the civilian

uses.

Information has been drawn entirely from publicly available reports,

the unclassified technical literature #nd news accounts. The followirg sec-
tions represent a factual account of the background and development n{ military
herbicides, the policies controlling the use of herbicides, and the .~ ricls
and application procedures currently used in Vietnam. A brief descripi.ion of
the vegetation in Southeast Asia is presented slong with its response to

herbicidal treatment. The possible ecological consequences of these operations
will be discussed separately.

Background and Historical Development of Military Herbicides

Throughout World War II, classified military research on chemical
herbicides played an important role in the development of the potent selective
herbicides now in world-wide use. In the search for chemical agents to destroy
enemy crops, many of the key concepts of herbicidal mechanism and species
selectivity were elucidated, and the effectiveness of the phenoxy herbicides
as weed control agents was first demonstrated.

In late 1941, a group of prominent scientists convinced the
Secretary of War, Henry Stimson, of the potential dangers from biologicai war-
fare. Stimson requested the National Academy of Sciences and the National
Research Council to provide the best possible scientific advice. In response,
the National Academy of Sciences established the "ABC" Ccnmittee; and, in
February 1942, the committee's report resulted in the estsblishment of the
War Research Service, a civilian agency with George Merck as the director.
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Although a number of plant physiologists and other scientists had
carried on a decade of research with plant hormones and synthetic growth-
regulating agents, and many workers had noted that overdoses of plant hormones
or growth regulators injure plant tissue or even kill the plants, no one had
yet suggested that hormone-like agents might be useful as herbicides. Several
of these research workers were destined to play pivotal roles in the develop-
ment of both military herbicides and modern weed killers.”

These scientists included Dr. E. J. Kraus, Head of the Botany
Department of the University of Chicago, who had worked extensively with growth
regulators and plant hormones, and two of his doctoral students, John Mitchell
and Charles Hemner, who since 1940 had both been working as plant physiologists
et the USDA Plant Industry Stetion, Beltsville, Maryland.

Apparently, Kraus was the first to suggest that growth regulators
might work as herbicides if purposefully applied to weeds in toxic doses
(Peterson, 1967a). Early in 1941 he discussed this with Mitchell and Hamner,
later elaborating his ideas in letters to them (Marth and Mitchell, 1944;
Mitchell, 1966). Within a few months, Kraus and Mitchell began work testing
various synthetic growth regulators for their herbicidal activity. In April
1942, Kraus and Mitchell learned about the work soon to be published by
Zimmerman and Hitchcock (1942) of the Boyce-Thompson Institute. Zimmerman hed
found that the phenoxyacetic acids are exceedingly powerful growth regulators,
and that cne of the most potent for inducing seedless tomatoes was 2,4-di-
chlorophenoxyacetic acid, which was 300 times more powerful than the widely
used indolebutyric acid. Without indicating the intended use, Mitchell ob-
tained some of these chemicals, including 2,4-D, from Zimmerman and began
testing a variety of compounds as herbicides in the greenhouses at the
University of Chicago and Beltsville.

Kraus was sufficiently encouraged by the early results that, in late
1942, he suggested to the committees of the National Academy of Sciences that
"the toxic properties of growth-regulating substances for the destruction of
crops or the limitation of crop production" might be of militery interest,
and proposed that the herbicidal properties of these growth-regulating chemi-
cals should be tested on field crops (Kraus and Mitchell, 1947). Because of
the war, Kraus and Mitchell did not publicize the results of their 1941-1943
experiments.

* A thorough historical review of wartime research on hnerbicides, recently
prepared by the Smithsonien Institution, hes been published in Agricultural
History, July 1967 (Peterson, 1967b). Mitchell's original 1l-1b. bottle
of 2,4-D is now a part of the collection in the Smithsonien's Division of
Agriculture and Forest Products.
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The United States Army initiated a contract with the University of
Chicago in March 1943 to support the research of Kraus and Mitchell, and to
pay for much of the work which had already been done. Since the war against
the Japanese in the Pacific was of increasing importance, it is not surprising
that the effectiveness of 2,4-D and 2,4,5-T in killing rice was included in
these investigations (Kraus and Mitchell, 1947). Although the early results
were promising, it was later learned that rice is generally quite resistant to
2,4-D,

Largely on the basis of the results Kraus had reported to the
National Academy of Sciences, the Army intensified its herbicide research,
assigning this mission to the recently established Camp Detrick (Peterson,
1967¢). The Army research team carvied out the synthesis and testing of
nearly 1,100 substances in laboratory screening, greenhouse tests, and later
under the direction of Mitchell, as applied to field crops.

Until the end of the war, the U.S., research program was an official
secret, However, on January 3, 1946, Secretary of War, Robert Patterson, made
publi~ a letter from George Merck which listed, among other significant accom-
plishments of the wartime program, the testing of "the effects of more than
1,000 different chemical agents on living plants." Although victory was
achieved before the herbicides could be used in wartime operations, Merck
declared that "only the rapid ending of the war prevented field trials in an
active theatre of synthetic agents that would, without, injury to human or
animal life, affect the growing crops and make them useless."(Mcrck, 1946,
and Shalett, 1946)

Even though the war-time research effort was directed primarily
toward anticrop agents, the investigators could foresee the considerable
possibilities that 2,4-D had in agriculture. The plant industrr research group
at Beltsville procured 1 1lb. of pure 2,4-D from the American Chemical Paint
Company, and began testing 2,4-D for the control of various common weeds.

These trials also included toxicity studies and animal feeding tests which
established the safety of 2,4-D. To clinch this point, Kraus perconally con-
sumed 1/2 g/day for three weeks with absolutely no effect (Cohen, 1948) and
(Proc., NCWCC, 1945).

During the summer of 1944, results ceme rapidly from a number of
research groups: the selective action of 2,4-D was reported (Mitchell and
Hamner, 1944); the report by Hemner and Tukey (1944) of successful control of
bindweed attracted considerable public attention; and this public interest in
weed killers persuaded several chemical companies to produce and market 2,4-D
commercially. The following year, 1945, saw the introduction of "Weedone,"
the first systemic herbicide.
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Defoliants for Jungle Warfare

Nearly 20 years of research and testingwere devoted to the attain-
ment, of defoliation systems capable of stripping away jungle foliage.

The record of technical development dates back to the establishment
of Fort Detrick in the winter of 1942-1943. The war in the South Pacific was
making new demands on military technology:

"There was a great deal of interest at that time in
destroying vegetation in the South Pacific theatre, and the prin-
cipal means available was high explosives. I have forgotten how
many millions of tons of high explosives were required to destroy
the vegetation on some of these Pacific islands. We were asked
to investigate chemicals that were available in large quantities
in the United States that could be empleyed for 'defoliating'’
this vegetation." (Minarik, 1963a).

The tactical uses of chemical defoliants in counter-insurgent opera-
tions have been summarized:

"The capability of destroying cover and conceelment to
defend against and fight off guerrillaand other types of tactics
is absolutely essential. When we clear vegetation from roadsides,
railways, and canals, we substantially reduce the opportunity for
ambush, and thus allow our own operations to proceed in a more
timely manner. Defoliants wo:ld also be used to demarcate bound-
aries. Defoliation could be used to clear gun emplacements, open
up fields of fire, mark areas of bombing, or test whether or not
a pa;ticular ares was camouflage or actual vegetation-"(Delmore,
1963

Near the close of the war, aerial spraying of several inorganic
defoliants was tested against sub-tropical vegetation in the Florida
Everglades. These tests demonstrated that spray droplets applied to the
forest canopy penetrated, not only the top leaves, but also the middle stratum,
and some even reached the forest floor (Minarik, 1963b). Therefore, multiple
treatment is not essential in stripping away tropical cover.

By June 1945, the Army was prepared to recommend the use of ammonium
thiocyanate as a defoliant in the Pacific theatre. However, high Government

levels decided that:
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Figure V-1 - U. S. Air Force C-123 Spray Planes Defoliating Dense Forest Cover
in South Vietnam
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"Ammonium thiocyanate sounded very much like cyezaide,
which everybody knows is poisonous. If we used this chermical,
we would be accused of conducting poison-gas warfare; therefore,
the plan to use chemicals for destroying vegetation in the
Pacific theatre was dropped. The war ended before another
'defecliant' could be developed." (Minarik, 1963a)

The chemicals used at this time are more accurately termed desic-
cants--agents which injure foliage by di-zct chemical action on contact, caus-
ing the leaves to turn brown, curl, dry up, and wither. Leaf drop by ab-
scission may or may not occur. Since there is little absorption or transloca-
tion, -nly the foliage and green stems are destroyed and the rest of the plant
may recover. The effect is like a neavy frost. Such agents are often termed
"contact herbicides."

In a post-war program, Fort Detrick examined apprcximately 12,000
chemicals for defoliant and desiccant activity. The most promising 700 cheni-
cals were screened in greenhouse and field tests for their defoliant
activity (Minarik 1963b and Preston et al., 1959). Some of these defoliants
were subsequently tested against tropical vegetation in Puerto Rico (Brun et
al., 1961),

A highly significant demonstration of vegetation control was con-
ducted at Camp Drum, New York, 1959. Using a mixture of undiluted butyl
esters of 2,4-D and 2,4,5-T applied at 0.75 gal/acre, the trees were denuded
over an area of 4 square miles (Brown, 1959).

Shortly after this successful defoliation test, the government of
South Vietnam requested the U. S. Army to undertake trials of defoliants for use
against guerrilla forces. This request coincided with the first announcement
in the U.S. tha‘-~-

"The army is experimenting with chemical tcchniques for
stripping jungle areas of foliage to expose guerrilla fighters or
other hostile forces and installations. . . .that chemical agents
had already been perfected that would strip wooded areas of their
foliage in about two or three days." (Raymond, 1961).

A variety of chemical agents were shipped to the Vietnamese military
authorities, and from July 1951 to A»ril 1962, a preliminary series of defoli-
ation trials were conducted under the guidance of J, W. Brown. Even though
wartime conditions interfered with the collection of detailed data, these tests
established that the esters of 2,4-D and 2,4,5-T were active in killing a
majority of the species encountered in Vietnam, providing the herbicide spray
was properly applied to the vegetation during a period of active growth, 1In
addition, the first aerial application of cacodylic acid showed promise as a
fast-acting desiccant. (Brown, 1962),
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It was reccmmended that furiher screening of chemicals and develoyp-
ment of applica‘ion systems be conducted in Thailand or other tropical areas
having vegetation similar to that in Viet-am.

The defoliation results were sufficiently encouraging that President
Diem's government in Saigon announced on January 1, 1962, plans to use new
techniques in a strong counter-offensive against communist guerrilla forces,
stating:

"Numerous techniques hitherto unseen in South Vietnam's
Jungle warfare are being inaugurated or are about to bz used to
help turn the tide of battle against the Viet Cong. COCne of these
techniques is 'defoliation' from the wir; a chemical means of strip-
ping leaves from the foliage that hides Viet Cong movements in
thickly wooded areas. Known Viet Cong bases will be surrounded by
bare stretches where the guerrillas will find it difficult to move
undetected from their hideouts, which are often underground."
(Turnbull, 1962)

Further screening of herbicides and development of application sys-
tems have been ccnducted in areas of Thailsad having vegetation similar to
that irn Vietnam. Fort Detrick dirented the OCONUS defoliation test program in
Theiland, utilizing test sites approved by the Thai government and military
authorities (Darrow, 1966a).

Concurrently, the Department of Agriculture conducted related de-
foliant studies for the U. S. Army at test sites in Texas and Puerto Rico

(Tschirley, 1967a).

Vietnamese military forces conducted several large-scale tests in
the spring of 1962. United States planes sprayed jungle growth along Highway
15, connecting the U. S, Air Force Base at Bien Hoa just outside Saigon to
the seacoast city of Cap Saint Jacques., This 70-mile route had been con-
sidered ursafe for menths, and government officials had to travel by air.
Following this test, a high Vietnamese official said:

"Defoliar.t chemicals would also be sprayed on Viet Cung
plantations of maninc and sweet potatoes in the highlards. The
exact locations of these plantations have already been plotted by
aerial surveys. Tests have shown that manioc and sweet potatoes
die four days after having been sprayed. These are the two most
important food staples for the communist bands in the mountains."
(Bigart, 1962)
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Additional defoliation tests against mangrove and nipa palm vegeta-
tion along the canals and roads of the Ca Mau Peninsula were conducted in
Avgust 1962, In these trials the heavy delta vegetation was sprayed 400 meters
back from the edge of the rivers and the roads over & total length of 79 km.
The herbicide formulation known as "Purple" (a brush control formuletion com-
prising butyl ecters of 2,4-D and 2,4,5-T) was applied at rates of 1.5 and
3.0 gal/acre. The mangrove vegetation responded rapidly, and was completely
defoliated in about one week. Nipa palm responded slowly, turning yellow and
lesing its le.ves; it took five weeks for these palms to fall to the ground.

Defoliation after five weeks was rated, 95% leaf drop; while the
visibility of the ground from directly overhead was increased by 90% (Armed
Forces Chemical Journal, 1964a, and Minarik and Bertram, 1962a),

A second impo:r tant aspect of the consequences of defoliation was
shown in the Ca Mau tests. Following defoliation, the mangrove stands along
some of the roads became accessible to the native woodcutters, who cut the
trees, converted it to charcoal and sold it for fuel (Minarik and Bertram,
1962b). Where the land was suitable after removal of the trees, various crops
have been planted and cultivated (Armed Forces Chemical Journal, 1964b) .

Twenty years after Kraus had first suggested them to the National
Academy of Sciences, the phenoxy herbicides became a tool of war. On
November 21 and 23, 1962, the Vietnamese Air Force carried out the first
operational spraying of herbicides for crop destruction in known Viet Cong
strongholds (Peterson, 1967d) .

Current Herbicide Use in Vietnam

Since 1961, when Lerbicides were first used in Vietnam (Raymond,
1965, and Mohr, 1965) . military defoliation has become the largest known
use of herbicides. The gradually changing role of the U. S. in the Vietndam
conflict has, in turn, altered both the extent and the nature ot herbicide
applications.

Operation Ranch Hand

Defoliation missions of the U.S. Air Force were assigned to the
newly created Special Spray Flight of the 309th Aerial Commando Squadron.
When the first group of huge C-123 cargo planes, specially equipped for spray
application, came to Tan Son Nhut Airport on November 29, 1961, the operation,
destined to b» known as "Ranch Hand," began tv practice a new military
technology (Fruden, 1966).
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Courteay Lewellyn Williams

Figure V-3 - Mangrove Swamp Woodland, Showing Uniformity of Canopy
and Density of Stand
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Aerial spraying of herbicides for defoliation or crop destruction
cannot be directly compared with any of the civilian uses of herbicides. Even
forestry spraying to suppress deciduous trees, thereby releasing conifers,
represents a poor analogy. Military use of herbicides differs from other 1
applications in several important respects--in objectives, herbicide formula-
tions, dosage rates, and application methods; and the effects are influenced
by the climate. vegetation and soils found throughout Southeast Asia. There- i
fore, some of the technical details of military use will be presented. These
factors need to be considered before assessing the possibility of long-term
ecological consequences.

Herbicide Formulations

Three basic types of herbi.ides are employed. The most widely used
is the familiar brush killer mixture of 2,4-D and 2,4,5-T.

The chemical normally used for jungle defoliation is agent "Orange,"*

& 50-50 mixture of normal butyl esters of 2,4-D and 2,4,5-T. Orange is the
general purpose herbicide designed to kill foliage, with leaf fall in three to
six weeks, and  atrol persistirg for seven to 12 months.

Prior to the adoption of "Orange," a closely similar interim agent
known as "Purple" was employed. This formulation was a proprietary, commer-
cial brush killer which differed from "Orange" in containing 20 percent iso-
butyl ester of 2,4,5-T. Experience has shown that "purple" and "Orange" are
equivalent in defoliation effectiveness, and can be used interchengeably.

Agent "White" comi .es picloram with 2,4-D in a low volatility amine
salt formulation. This combination provides relatively longer duratinn con-
trol of a wide spectrum of woody plants, plus the advantages of accurate spray

piacement where volatility creates problems. This agent is closely
similar to compositions used for aerial spraying of power line rights-of-way

throughout the U. S.

Desiccant agent, "Blue,” cacodylic acid is a contact herbicide em-
ployed for rapid defoliation. This formulation does not kill many woody
species, but it is an effective grass control agent, particularly useful in
keeping down heavy grassy vegetation along roadsides and surrounding military

ericampments. "

For ease of comparison, details of each composition are summarized
in Table V-1.

% The herbicides derive their colorful names from the color-coded paint stripe
which girdles each shipping drum.
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Herbicidal actisn of the "Orange" and 'White" formulations depends
upon absorpticn by the plant tissue and translocation throughout the plents.
Properly applied, in sufficient doses, this systemic effect can kill plants,
and prevent rcot sprouting in all but the largest and most resistant trees.

Cacodylic acid or "Blue" does not depend upon translocation or
systemic action. This orgsnic arsenical ccmpound (dimethylarsenic acid) acts
much lixe the closely related arsenical crabgrass killer MSMA (monosodium
methane arsonaie) used on lawns. Both compounds a.: highly effective kill-
ers of certain grass plants. Cacodylic acid was originalliy intended for the
control of Imperata, elephant grass, bamboo and other plants of the grass
family in defoliation operations (Beecher, 1966). However, the early de-
foliation *rials in Vietnam showed that cacodylic acid was a fast-acting con-
tact desiccant capable of withering vegetation within a few days (Brown,
1962b). When applied to foliage in high concentrations, cacodylic acid
destroys the leaf before appreciable translocation can take place. When ap-
plied at lower rates, absorpticn and translocation throughout the plant are
possible. It is used on rice fields in enemy ccntrolled country, where it
destroys existing crops but does not affect subseguent growths (Lucas, 1967).

In most civilian applications of herbicides, the weed killers are
diluted in oil or water as a carrier, or are emulsified as normal or as invert
emulsions. For military applications, however, the "Orange" and "Purple"
agents are sprayed undiluted. Many years of experience in aerial application
of herbicides in the U. S. have shown that the ester formulations generally
achieve better control of the treated vegetation than can be obtained with
wmine salts and other formilations,

Application Factors

The spray equipment used in Vietnam, as well as the application
parameters, are significantly different from what is used in other herbicide

spraying operations.

Both fixed-wing and helicopter applications have been made. The
HU-1B helicopter has been made available to the U.,5. Army and to the Vietnamese
Air Force (R.V.N.A.F.) for special types of herbicide applications,

The basic spray plane, however, is the twin engine C-123 aircraft,
equipped with a chemical tank of 1,000-gal capacity and A/A45y-l internal de-
foliation dispensers (Farm Chemicals, 1966a). Each plane is fitted with two
wing booms and a tail boom, using 14 nozzles on each wing boom and eight on
the tail boom. All spray operations are controlled from a console located in
the back of the plane, designed to insure uniform flow and accurate rates of
spray application. The normal crew complement consists of pilot, co-pilot,
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and a techaical specialist who operates the spray console. The spray equip-
ment is calibrated to discharge the 1,000-gal tenk in & S-min period; however,
the tank can be emptied in 30 sec in case of emergency.

Like serial spraying for civilien applications, the spray run is made
as close to the foliage as prectical, enc at a relatively low speed. The
forests of Vietnam have a canopy which generally reaches up to 90 ft, with
occasional trees towering to about 125 ft. The normal altitude for spray appli-
cation :s 150 ft. Speed is maintained at 130 knots, only 7 knots above stall
speed (Lucas, 1967)., Under these conditions, the spray emerging from the open
nozzles is atomized by air turbulence to produce herbicide droplets ranging
from 100 to 400  in diameter with an average drop size of about 300 p. The
spray mist settles ontoc the forest canopy in & swath approximately 250 ft wide.

Weather, wind and thermal currents greatly influence the effective-
ness of the herbicidal spray. The most effective spray results are obtained in
the early morning vhen the vind is calm and the spray can settle directly onto
the target (Luces, 1967).

Tests have been made to determine the degree of spray-droplet inter-
ception by the canopy, and by the intermediate and lower stories in the forest
(Tschirley, 1967b). In & moist tropical forest, approximately 80% of the spray
droplets are intercepted by the foliage of the topmost canopy; 14% caught by
the intermediate levels of vegetation; and only 6% of the total spray arplica-
tion reaches the ground level plants. Data on penetration achieved with several
different types o spray booms is contained in the Appendix, Figure A-2 (p.300).

Spray drift is en important factor which influences the effectiveness
of herbicide applications. Many fine droplets (200 p or less) are formed when
liquid is released from aircraft. These small drops are markedly affected by
air currents. For example, & 200 p droplet will drift 9 ft while falling 20 It
in a lateral airflow of 1 mph.(Tschirley et al., 1967). The farther above the
jungle canopy the spray is released, the mcre drift will occur.

Some drifting of small droplets occurs under almost all conditions.
Calibration tests conducted in Thialand established that it is recessary to
release about 20% more herbicide than will be deposited onto the jungle vegeta-
tion. For exemple, & specified treatment with 100% "Purple' at 2.0 gal/acre
deposit volume required release of 2.5 gal/acre from the aircraft, giving a
recovery of 80% (Darrow et al., 1960). The 204 not deposited on the test cards
used in calibration can be ascribed to a combination of drift and evaporation.

Air turbulence resulting from low flying aircraft is an important
factor in providing distribution of spray throughout the vegetative profile.
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When all droplets are falling in a straight line, most of them will be inter-
cepted by the upper portions of the forest canopy. Turbulence from the air-
craft helps to distribute the droplets throughout the foliage. The number of
drops deposited per square inch of leaf surface has a striking effect on the
response of herbicides. Behrens (1957) found that the effectiveness of 2,4,5-T
increased greatly as the number of droplets per square inch increased from nine
to 72, vhile the total amount of 2,4,5-T remained constant.

The picloram and cacodylic acid formulations are considered non-
volatile, and thus are subject only to wind drift of fine droplets. The n-
butyl esters of 2,4-D and 2,4,5-T,on the other hand, exhibit appreciable vola-
tility under both laboratory and field conditions (King, 1966, Adams et
41., 1964, Vernetti and Freed, 1964, and Miller, at al., 1954). Specialists
point out that even so-called low volatile esters of the chlorophenoxy acids
will exhibit measurable volatility when sprayed at the temperatures prevailing
in Vietnam. Thus it seems clesr that herbicide vapors are formed when "Orange"
or "Purple" are sprayed. In fact some of the effectiveness of these formula-
tions in penetrating and defoliating heavy jungle vegetation has been ascribed
in part to the vapors (Farm Chemicals, 1966),

Drift damage is usually minimized by allowing a suitable buffer zone.
However, accidents have occurred. There are reports of sensitive vegetation,
such as rubber trees or cotton, being damaged nearly 15 miles from the point of
spray release (Pace, 1963).

Defoliation Targets and Objectives

Military considerations dictate how and where herbicides will be
applied--factors greatly influencing the severity and permanence of ecological
disturbance. The particular tactical objectives largely determine the type of
vegetation treated, as well as whether temporary leaf drop or plant kill is ob-
tained. ©Policies regarding taréet selection influence the geographic distri-
bution of where the spraying is done, and the extent of the area covered by
herbicide application.

The rate and nature of revegetation and succession largely depend
on vwhether isolated strips and patches of jungle vegetation are destroyed, or
whether large contiguous areas are controlled. Spraying cropland gives dif-
ferent ecological effects from those created by the defoliation of relatively
undisturbed forest.

Aerial defoliation is carried on against vegetation which includes
water weeds in the Mekong Delta, the multi-storied tropical rain forests,
second-growth brush and grasses along communication routes, and mixed
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deciduous or semi-evergreen forests in mountain regions. Depending on the
military objectives sought, herbicides are selected to vroduce short-term
defoliation or long-term plant kill. The following list enumerates some of
the major defoliation targets.

* Nipa palm and mangrove woodlands grow in coastal areas
in deltas and within reach of tidel waters along the banks and out
into the rivers and canals of South Vietnam. The edges of these
waterways are sprayed for a distance of 200 to 800 meters back from
the water (Minarik and Bertram, 1962c). Since these are permanent
traffic routes, the objectives include total plant kill and long-
term vegetation control. Respraying at yearly intervals is gener-
ally required.

* Rain or Moist Evergreer forests usually have three
stories of foliage with a ground cover of shrubs, vines, and herbs
of variable der ‘ty. These targets are sprayed to create bare
stretches suri .ding Viet Cong strongholds so that movement of
men or supplies in and out of the area can be observed from the
air (Trumbull, 1962). This type of target requires rapid defolia-
tion; however, long-term control or permanent kill is not essential.

* The dense shrubbery and second-growth brush along high-
ways and supply roads create cover for ambush. These areas are de-
foliated back into the edge of the forest to deprive the Viet Cong
of concealment (New York Times, March 10, 1966, Raymond, 1965, and
Pruden, 1966). At points where Viet Cong are known to have set up
road blocks tor the confiscation of "taxes," an area 400 meters in
extent is cleared to expose such operations for aerial reconnaissance
and attack.

* In the Mekong Delta area, the Viet Cong often secrete
caches of ammunition, food and supplies, so well concealed that they
are difficult to find on the ground and impossible to detect from the
air. Trees, weeds and underbrush are defoliated to iisclose the
location of these supply dumps.

* 1In areas that have been cleared for villages, buildings
and military posts, heavy grasses and foliage may hide the infiltra-
tion of unseen attackers. This foliage is treated to hold down the
grasses and foliage out to & safe distance. Long-term control is
desirable in this application.
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* Upland forests comprise mixed deciduous and semi-
evergreen stands rerresenting scme of the heaviest forest canopies
in Vietnam. Pathways and trails are defoliated between villages
of the primitive mountain people and nearby Civil Guard defense
units (Bigart, 1962). The same type of forest is typically found
along the infiltration routes and supply trails just south of the
Demilitarized Zone (New York Times, September 24 and 27, 1S66).
These areas are stripped to disclose troop and supply movements to
aerial reconnaissance.

* A continuing struggle has been made to keep the National
Rail Lines operating in spite of the fact that guerrilla bands
have cut the line at numerous points by the demolition of bridges
(Pruden, 1966). To minimize thr - pportunity for sabotage, the
edges of the forest are treated ' sufficiently frequent intervals
to control foliage that woulc obscure guerrilla activity from the
air.

* The mountain fcrests of the Annamite Chain hide the
paths of supply trails from North Vietnam, through Cambodia and
Laos into Soufn Vietnam. Strategic points along both the Sihanouk
and the Ho Chi Minh trails in Laos have been liberally sprayed
(Foisie, 19€6, and New York Times, May 19, 1966), presumably with
the knowledge and cooperation of the Laotian Government (New York
Times, May 19, 1966).

* The most recent and massive defoliation effort is now
under way in thc southern portion of the Demilitarized Zone
(Bloomington Daily Herald, October 2, 1966, and New York Times,
September 27, 1966) which contains some of the most dense forest
vegetation in all Vietnam (Lucas, 1967). The IMZ, a 6-mile-
wide zone extending 55 miles from the Gulf of Tonkin to the
mountainous inland border has beer sprayed for the last few
months with hundreds =f tons of herbicide (Washington Daily News,
February 6, 1967). The lower 4 miles of the DMZ is scheduled
for herbicidal treatment as well as mechanical removal where
necessary (New York Times, September 23 and October 2, 1966).

* South Vietnamese crops have been destroyed with herbi-
cides to deny food to the guerrillas (New York Times, March 10,
1966)., Relatively few details about crop destruction missions
are available. Crcps said to have besn damaged since spraying first
began in 1962 (Pace, 1965, and New York Tines, January 12, 1962),
include: Manioc and sweet potatocs (Bigart, 1962), rice, sugar
cane and vegetables (Pruden, 1566),
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The selection and scheduling of targets for jungle defoliation or
for crop-destruction missions involve & complex chain of military decisions
and political ~eview designed to achieve maximum effectiveness, as well as
minimize the risk of unfortunate errors in herbicide spraying. These pro-
cedures have been described by Wesley Pruden, Jr. (1966).

"Setting up targets is a ticklish diplomatic business.
Nominations are made by either U.S. or Vietnamese army commanders,
but if an American officer wants a target sprayed, he has to pass
the recommendetion on to a Vietrnamese officer, who goes over the
target with the province chief. Then the recommendation goes to
the Vietnamese army's general staff in Saigon and, if approved, the
request is sent on to the intelligence section of the U.S. Military
Assistance Command - Vietnam, in Saigon."

Finally, if it clears all these desks, the request goes to the U.S.
Ambassador in Saigon. Occasionally, an especially ticklish request goes all
the way to Washington. One recent example involved Gereral Westmoreland's
request to begin defoliation of the DMZ, which was submitted to Washington fo.-
approval (New York Times, October 2, 1966).

In spite of all precautions, occasionally some spray may drift from
a target area, causing damage to rice Crops or rubver trees, When claims are
made, prompt ::tion is taken to pay damages. The current price for a mature
rubber tree is $87 (Beecher, 1966).

Even more stringent procedures are used to limit crop-destruction
missions to those specific areas where military effect will be greatest,
Charles Mohr (December 1965) reported:

"There is a complex system of political and military con-
trols on the crop-destruction program. The program which began last
spring has touched only a small fraction--50,000 to 75,000 acres--
of the more than 8 million acres of cultivated lend in South Vietnam.
This is the intention of policy-mekers.

"Although the Viet Cong control or at least contest 70%
of the land area of the nation, crop-destruction missions are aimed
only at relatively small areas of major military importance, where
the guerrillas grow their own food or where the population is
willingly committed to their cause.

"Officials say that no herbicide missions have been flown
or will be flown in heavily populated areas. There has been no
crop destruction, for example, in the Mekong Delta.
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"There is concern that any attempt to destroy crops in
heavily populated areas dominated by the Viet Cong could only send
a new flood of displaced Vietnamese to join South Vietnam's
730,000 r2fugees.

"It is clso suggested that unless the herbicides were
applied on a vast scale, a move that would probably be politically
impermissible, it could have little effect in heavily populated
areas. 'There is juct so much food in the Delta that crop-destiuc-
tion missions here would have rno real military value,' one ofriial
said.

"Destruction operations are intended primarily for food
fields in such Viet Cong base areas as War Zone D, north of Saigon,
and in areas where growers are considered willing Viet 7ong
supporters,

"Some Viet Cong units are devoting as much as 50% of
their manpower to growing food. . . .food shortages have become so
acute in central Vietnam that some analysts expect the enemy to
shift more of its military activity toward the North Vietnamese
border, to ease the supply of provisions,"(Pace, 1966)

Major Vegetation Types of Southeast Asia

The overall plant formations of Southeast Asia, and in particular the
forests in Thailand and Vietnam, have been extensively studied and well docu-
mented in the botanical and forestry literature (Lecompte, 1907-1938, and
Richards, 1952). Extensive investigations were first conducted by the French
botanists gnd- foresters (Chevalier, 1918 and 1929, Maurand, 1943). More re-
cent studies of the vegetation in the area of the Mekong Delta (Duke, 1963,

Van Cuong, 1960, and Duke, 1961, and the forests of Vietnam in general have
been undertaken by specialists of the United States (Kernan, 1964), The most
comprehensive of tihese recent investigations are '"Vegetation of Southeast Asia:
Studies of Forest-Types, 1963-1965" by Llewelyn Williams (1965), and "Forests of
Southeast Asia, Puerto Rico and Texas" (Williams, 1967). The map (Figure V-5)
from Williams' repor. shows the extent and distribution of various forest types
in Vietnam and adjoining regiens.

According to publications issued by French botanists, there are more
than 1,500 species of woody plants in Vietnam, varying in size from small shrubs
to large trees; hard-stemmed reeds to bamboos; and a wide variety of species of
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palms, woody vines or lianes, and herbajeous plants. The major forest forma-
tions occurring in Vietnam include the following:

1. Evergreen, Broad-leaved Rain or Moist forests. Rain forest oc-
curs in areas where the annual rainfall exceeds 100 in., is well distributed
throughout most of the year, and with only = short dry pericd. True Rain
forest is rather limited in distribution, being confined mainly to lower and
middle elevations on mountain slopes. Evergreen Moist forest is found in areas
vhere there are well defined wet and dry seasons of about equal length, and in-
fluenced by the munsoon climate.

2. Dipterocarp forest, probably the most extensive type, covering
up to about 50% of the total forested area of Vietnam and neighboring countries.

3. Mixed Deciduous forest, usually heavily cut over and rather open.

4, Dry Evergreen forest, concentrated especially along river cr
stream banks.

9. Montane forest, containing oak frequently mixea with conifers,
at middle and upper elevations.

6. Coniferous forest, in which species of pine (Pinus) foirm rather
extensive stands in the uplands.

7. Swamp forests:

a. Mangrove woodland, in coastal areas, especially in
deltas and er»und river estuaries.

b. Stands of nipa palm, also in deltas and tidal reaches,
usually where mangrove occurs.

c. Stands of cajeput (Melaleuca), in brackish water aloug
the inner border or in the vicinity of mengrove.

d. Fresh water swamps, generally in the interior.

8. Savannas, either open or sparsely wooded, and dominated by a
ground cover of coarse grasses.

9. Thorn woodland, consisting of shrubs and small to medium-sized

trees, many of which are armed with sharp spines, and often mixed with bamboo
to form a tangle difficult to penetrate.
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10. Bamboo brakes, frequently forming dense fringes along banks
of streams and rivers, and develop rapidily in abandoned tilled land or wvhen
clearings are made in most types of forests.

Some of the forest associations In Vietnam, as in adjacent countries,
are extremely ccmplex in their floristic composition. The tallest (up to 100
ft or more), most dense and complicated type is an undisturbed Rain forest
which, in scme instances, may contain in an area of one acre up to 150 or
more species of shrubs and small to large trees. Stands separated by only a
short distance may show strikingly different features, particularly in their
structure and the species present, so that their classification is oftentimes
different. This diversity of forest composition in Vietnam, as in other
tropical regions, may be ascribed to the variability of environmental condi-
tions, influenced by climate, soil, drainage, and by human interference. The
last named factor is in the form of felling for timber, routine burning, and
the long established system of slash and burn or shifting agriculture, widely
practiced especially by people inhabiting remote or mountainous areas in the
interior.

Variability in floristic composition is shcwn in Table V-2, which
inventories the principal species appearing in three strata or stories forming
a Dry Evergreen forest, located on two test sites treated with herbicides in
Trailand (Darrow et al., 1966). The two sites are situated in close proxim-
ity, one on the east side of the Pranburi River in the upper Peninsula, the
other on the west side. It will be noted that Site I is nearly devoid of a
ground layer of shrub growth. Site II, however, has a dense undergrowth, repre-
senting approximately 36%. of the plants tallied. The following records, ex-
tracted from Williams' recent study, are especially pertinent to any ecological
studies of the effects of herbicides and desiccants on the vegetation of this
type of forest.

"Forests of South Vietnam: The forests of South Vietnam
have been devastated for many centuries. First nomadic or semi-
savage people occupied the land and destroyed the forests --ithout
discrimination. After that came the Annamites who, in spite of a
more &advenced civilization, regarded the forest as capsble of re-
generating itself indefinitely, and gave no thought to its protec-
tion. Despite ample rainfall and other favorable conditions for
growth, the forests were unable to re-establish themselves after
prolonged periods of destruction. As a result, much of the vege-
tation that formerly covered Cochin-China, now forming southern
South Vietnam, consists in the main of secondary growth, inter-
spersed with scattered stands of primary forests.
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Figure V-3 - Rain Forest in the Mountains of Southeast Asia. "Khanun-nok"
(Paloguin c¢hovatum) is characteristic of moist tropical upland forests.
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TABLE V-2

PERCENT COMPOSITION AND F
WOODY SPECIES IN THE DOMINANT, INTERMEDIATE,

UENCY OF PRINCIPAL

AND SHRUB IAYERS OF TEST SITES I AND II

Species
Dominant Layer

Lagerstroemia floribunde
Mansonia gagei
Diospyros cometanae
Millettia leucantha
Dialium indum
Antheroporum pierrei
Diospyros mollis
Lagerstroemia loudonii
Spondias mangifera
Manilkara hexandra
Diospyros curranii
Garuga pinnata
Bambusa arundinacea
Grewia elatostemoides

Subtotal: composition

Intermediate Layer

Streblus zeylanica
Cleistanthus dasyphyllu®
Celtis collinsae
Hydnocarpus ilicifolius
Vitex quinata
Atalantia spinosa
Diospyros cauliflora
Euphorbia trigona
Phxllaqgggg sp.
Niebuhria siamensis
Memecylon ovatum
Grewia tomentosa
Mitrephora keithii
Sindora maritira

Olea maritima
Phyllanthus emblica

Subtotal: composition

Test Site I Test Site II
Composition Composition
(%) Frequency (%) Frequency
0.2 84 4.9 96
4.6 95 0.4 37
0.7 81 1.2 68
wy 75 27
+ 23 0.9 74
1.9 72 + 6
+ 67 + 46
0.3 66 + 34
+ 35 + 66
0.6 61 + 39
+ 49 + 39
+ 37 0.5 47
-b/ = 9.0 37
i 4 1.5 29
8.3 18.4
45.0 100 9.5 22
28.0 95 0.4 21
0.7 92 0.2 40
0.4 31 4,3 80
0.3 50 2.8 80
0.6 77 0.4 =
1.2 76 45
3.2 75 0.6 24
+ 71 2.2 59
+ 48 72
6.9 66 12.1 48
+ 18 3.4 66
0.9 64 2
+ 5 0.8 62
0.5 18 3.6 37
+ 3 0.6 27
87.7 40,7
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Species

Shrub Layer

Cleistanthus sp.

Acacia comosa
Mezoneurum enneaphyllum
Capparis thorelii
Ventilago calyculata
Hymenopyramis brachiata
Zizyphus oenoplia
Sphenodesma pentandra
Jasminum sp.

Euonymus cochinchinensis

Hiptaga sp.

Actephila collinsae
Terenna longifolia
Atelantia scandens
Combretum procursum

Subtotal: composition

Total % Composition

g/ Trace
b/ None

Source: Darrow (1966).

TABLE V-2 (Concluded)

Test Site 1 Test Site IJ
Composition Composition
(%) Frequency (%) Frequency
+ 19 16.2 95
+ 46 14.5 91
+ 33 + 91
* 38 0.7 90
0.3 87 + 55
+ 27 3.2 83
% 20 + 64
0.4 28 0.5 63
+ 14 + 51
+ - + 37
+ 36 1 18
+ 22 + 33
+ 8 # 32
# 28 + 31
i 12 1.4 30
0.7 36.5
96.7 95.6
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_ "Most of the turning of the forest in Annai, or Central
Vietnam, is done, as elsewhere, for shifting cultivation, the 'rui'
system widely adopted throughout Southeast Asia. In this process
thousands of acres of forests are burned each year, followed by
the planting of crops mainly for food. After two or three harvests,
the patches are abandoned. Soon a geries of grasses, particularly
the ubiquitous Imperata cylindrica, sedges, and such weeds as
Eupatorium odoratum develep. Even in normal times this practiéé
of slash anc burn is difficult to suppress among the tribes in the
mountain areas, although it can be controlled to some degree in
the plains, vhere people are in closer contact with authorities.

In some instances during a single year the inhabitants of a large
village may destroy a considerable area of forest within a radius
of 10 to 15 miles. Bamboo brakes are also destroyed by fire.

The effcct of this deforestation over a long period is evident
also in Central and North Vietnam, as shown by a gradual increase
of uncultivated land along the base of mountéins, caused by erosion
of soil from the bare upper slopes, filling up the stream beds and
with consequent floods."

Response of Vegetation to Herbicidss

The response of foliage to chemical treatment varies markedly--
from little effect to plant kill.

Reports from observers in Vietnam likevise vary. Some say that de-
foliation is temporary or relatively jneffective; others state that the trees
are dead and bare. The following verbatim reports, while scmewhat conflicting,
are probably accurate:

"mpe chemical mixture is supposed to kill all trees and
brush, hut the withering and dropping of leaves may take five days
to three weeks." (B:gart, 1962)

" . . begin turning foliage brown in a matier of hours,
but full results are not visible for six months." (Miller, 1967)

" . Double cr triple canopy jungle geperally requires
T two applications, with the second application four to six weeks af-
i ter the first. . .gives effective vegetation control for nine to
12 montiis.”" (Farm Chemicals,. 1966¢)
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"practically all the vegetaticn in the sprayed areas was
dead and almost complete (estimated 95%) defoliaticn had resulted."”
(Armed Forces Chem. Journal, 1964c)

"Within several weeks they cause .eaves on trees and other
vegetation to wither away." (Washington Diily News, February €, 1967)

i . a powerful chemical killer which destroys all but

the biggest trees. . ." (Lucas, 1967)

" . . within 24 hcurs the foliage begins to wither and
turn brown; within five or six weeks, the leaves curl and fall."
(Pruden, 1966)

"Within taree days after a single spraying . . .the effects
are noticeable. Within a week there is an 'autumn' effect. But
three months must pass before the 'winter in Vermont' cffect is
achieved. Four months after that, however, the foliage begins to
grow back." (Mohr, 1965)

Such diversity of reports is not surprising when consideration is
given to:

* The remafkable number of woody plants found (1,500);

* The great diversity of plant communities found;

* Effects of seasonal changes; monsoons;

* Differences amung herbicides used; and

* Application conditions which range from optimum to unfavorable.

Few if any scientific reports are available frem the areas of oper-
ational use in Vietnam. The targets sprayed are frequently in enemy strong-
holds. The mosi useful data on response to herbicide treatment come from
carefully conducted tests carried out in Thailand, Puerto Rico, and Texas
(Tschirley, 1967c, and Darrow, 1966¢c). Frcm these studies certain general
observations have been drawn concerning the behavior of tropical vegetation
and forest when aerially sprayed with military defoliants.

1. Degree of Defoliation: Maximum defoliation responses of 85 to
95% have been recorded, but complete defoliation of all species has not been
obtained in any test plot of mixed forest.
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2. Rate of Defoliation Response: The phenoxy herbicides and other
systemic defoliants which are absorbed and translocated throughout woody
plants produce abscission and leaf drop over a period of several months.
Generalizations are difficult when dealing with so many factors, but perhaps
two to three months are required as an average to reach maximum leaf re-

moval.

Figure V-7 shows the defoliation response from "Orange'" with maxi-
mum leaf drop between two and four months. At the end of seven months, the
lianas have grown new leaves, and some of the foliage is returning to the

trees.

Desiccants and contect herbicides produce leaf necrosis, loss of
moisture and withering more rapidly; about two to three weeks on the average.

. Similar photos, Figure V-8, show the desiccation achieved from
cacodylic acid ("Blue"). In three weeks the leaves have curled, and most
have fallen. Regrowth is under way three months after treatment. Table V-3
compares the percentage of defoliant obtained with various herbicides for a

period of ope year.

More detailed data are presented for various rates of application and
other agents in the Appendix, Tables A=l (p.297), A-2 (»:.301) and A-3 (p.303).

3. Duration of Defoliation: Some trees and other woody plants are
killed; others show topkill only. Many trees recover, growing new leaves
within a year. Root sprouting occurs with some species. Certain species of
trees, including Streblus zeylanica, Hydnocarpus ilicifolius, and several
Diospyros spp. are relatively resistant to defoliation. Detailed analysis
of species response is being compiled (Darrow, 19664).

Figure V-9 shows the influence of application rate on the duration
of effective defoliation, and length of time to 50% recovery.

It is problematical whether trees exhibiting complete defoliation
like that of Figure V-10 will recover. The percentage of trees in mixed
forest stands which show total kill after 12 months or longer has elasped
is not known.

4, Seasonal Effects: Woody plants in areas having seasonal rain-
fall are seasonaily susceptible to herbicides. The most susceptible period
occurs when soil moisture has been adequate for rapid growth. The defoliation
response to all systemic herbicides such as "Orange,’ "White" and "Purple" was
more rapid and more complete during the rainy season, with its generally favor-
sable soil moisture and growing conditions, then during the dry season. Lower
rates of chemiral treatments are necessary during periods of active growth.

126



(3ota39q -3g ‘saraojzeroqet Teo1doTolrg fmay *g°n Ls83an0))
(av mhoﬁ\nu 12) mno«\ﬁmo ¥°2 38 parTddy aBueip woiy ssuodssy UOTABTTOI] - L-A 2IndTg

JuswlBaI], I53JY SUYIUCH OM] G96T Aaenxqad ‘3uswiBag] aI0J3g

137




(pepntouc)) L-A 2InIdTg

(ssuia JO yjnoxdax ayjz 230N)
JUSW}BAL], I91J8 SUJUON UDAIG juamyeal], I21J8 SU3UCK INoJ

138




Figure V-8 - Defoliation Response from Blue (cacodylic acid) Applied
at 1.5 Gal/Acre (4.5 Lb/Acre AE) (Courtesy U.S. Army
Biological Laboratories, Ft. Detrick)
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TABLE V-3

THE PERCENTAGE OF DESICCATION AND DEFOLIATION RESULTING FRQM
HERBICIDES APPLIED AS LOW-VOLUME AERIAL SPRAYS
ON RAIN FQOREST VEGETATION

Time After Treatment

Treatment 1 Wk. 2 Vk. 1 Mo. 3 Mo. 6 Mo. 1 Yr.
lerbicide®/ Gal/Acre Lb/Acre  (%)V/ %) () (%) (&) (%)
Orange 1.5 12 9/3 53/28 69/61 65 52 38

—_— 3.0 24 19/8 73/32  89/73 79 66 54

6.0 48 28/10 79/37 89/75 ) 71 61

Picloram 1.5 3 8/0 24/14 34/32 29 27 30

—> 3.0 6 8/0  51/21 70/52 80 60 54

6.0 12 19/9  51/22 78/6€ 83 76 74

2,4,5-T Plus 1.5 7.5 7/3  25/14 42/39 52 40 45
Picloram

(4:l) == —35.3.0 15 3/0  25/5 39/32 42 46 51

6.0 30 7/0  38/13 62/45 77 78 69

Paraquat 1.5 3 1s/9  25/18 27/25 19 9 10

— 3.0 6 29/13 51/29 68/63 51 41 30

—— 6.0 12 38/23 5%Z/35 60,56 43 15 17

a/ Arrovs denote typical rutes.

Q/ The figure to the left of the slash mark represents the percentage of leaves
desiccated and defoliated; that to the right represents the percentage of
defoliation. Single figures represent defoliation only.

Source: (Tschirley, 1967).
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Figure V-9 - Duration of Defoliation BResponse from Application of Purple

as Related to Dosage Rate.
A. Duration of maximum percent decrease in obseuration.
Data represent mean treatment values.
B. Number oi months until 50% recovery from maximum
response. Data represent individual plot values,
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In areas such as evergreen and broad-leaved Kain forest where rain-
fall is high but uniformly distributed throughout the year, woody plants are
less subject to seasonal susceptibility.

Seasonal effects are reflected in the level of treatment reeded for
effective defoliation of mixed forest stands of different canopy density.
These herbicide levels are summarized in Table V-4. More detailed conclusions
regarding herbic‘de effects observed in tropical forest tests are presented
in the Appendix, pp. 294-296, Figure A-1 (p.299), and Figure A-2 (p.300).

Revegetation and Succession

Tropical forest stands sprayed with quantities of systemic he.bicides
suf'f.cient to kill or produce more than 85% defoliation show a general ;attern
of revegetstion similar in some respects to that found in abandoned foregt
clearings. The seral successions observed i these devegetated areas have
been described by Zlewelyn Williams (Tschirley, 1967c).

The forests of Scutheast Asia, and Puerto Rico have suffered
severely over the centuries from human disturvance through falling of trees
for construction timbers, fuelwood, and charcoal, or to clear land for
agricultural use. Considerable changes in the vegetation have been caused
by fires, either spcntaneously or deliberately set, grazing by domesticated
animals and wildlife, and damage by insect pests. In Puerto Rico much of
the forest land area has bteen cleared for agricultural use, and the remainder
is almost entirely secondary forest. Only about 1 or 2% of, the total area of
the island consists of stands of primary forest. In Southeast Asia, also,
the forests have been devastated for centuries. Only in the mountainous, less
accessible regions are there extensive, undisturbed stands of pines and hard-
woods of commercial value.

The tropical Rain forest is a prime example of a plant community in
which rainfall, soil, and vegetation are the principal factors that contribute
to the meintenance of a complex equilibrium. When one of the components of
the primarv forest is partly or completely destroyed, the other factors are

altered ana ¢ new type of plant c wer appears that is adapted to the modified
environment.

The general pattern of regrowth is essentially the same in tropical
America as in Southeast Asia. Revegetation of disturbed areas fellows a
similar sequence in developmert of secondary growth, and the successional
plant communities are similar in structure and phytosociology, but the species,
of course, may be emtirely distinct.
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The first stace of successional growth that develops following
disturbance of dense, humid forest is usually dominated by grasses and
weeds. These are gene:ally short-lived, of less than one year. As a rule,
in cleared areas such as those abandoned in shifting agriculture the plants
that develop in the initial stage of secondary growth are entirely different
from those that grow in the primary forest; likewise, seldom do any species
in the secondary growth appear in the primary forest. Forest stands disturbed
by the application of herbicices may show appreciable regrowth of seedlings
representative of the original woody plants due to root sprouting, from
seeds present in the soil, or seedlings that may have survived the treatment.

The next phase may be dominated by shrubs, followed by trees of
qQuick growth. Or the succession may lead almost directly from the herbaceous
stage to tree domivance. The secondary forest is usually composed of fast-
growing trees with soft wood, and their seeds are wind or animal dispersed.

In Thailand two weeds that develop most abundantly in abandoned
land and in forest clearings are Eupatorium ordoratum, and the ubiquitous
grass (Imperata cylindrica). Both plants are lizht loving and cannot thrive
under shrubs and tr:es. Later the ground is colonized by shrubs. The shrub
stage is followed by the development of a secondary forest in which trees of
the genera Bombax, Dillenia, Vitex, and Grewia aprear, and in humid sites
species of wild bananas (Musa) appear. In many areas in Thailand, as in the
other Mekong Basin countries, the weeds, grasses, and shrubs are gradually
dominated by bamboos, particularly species of Bambusa and Thyrsostachys,
which may =ven suppress the development of trees. This is particularly
noticeable in cutover stands of teak, as well as in the humid Evergreen
forest.

Successional growth in the Rain forest of tropical America is
similar in structure to that of secondary Kain forest in Southeast Asia,
although it is quite different, of course, in floristic composition. The
ubiquitous grass (Imperata cylindrica) is widely distributed in the 0ld
World tropics and readily dev:lops in forest clearings. This weed does not
occur in tropical America ~xcept in Chile, but 1. brasiliensis and other
grasses are analogous. Intertwining sedges of th~ genus Scleria, with
sharp-edged leaves, often form an almost impenetrable tangle in secondary
forests of tropical America. In Puerto Rico. as elsewhere in tropical
America, among the most frequent trees in secondary forests are "Yagrumo
hembra" (Cecropia) and "Yagrumo macho" (Didymopanax). Both propagate
naturally and their growth is rapid.

148



(£3Tatyosy 4 As93ano)) - aafkey punold ay3 Buiasaod sjzusTd Lpoos pusd
s95sel1@ SNOTJIBA Y3IM ‘I0SS300NS JUBUTWOPD 943 ST 3S910F ooquag ~2pli1QL3H JO
uotjeotrTddy LAaeay Kq pajeoax) Butuadp 3sa104 UT JIed SUQ I93Fe UOT3E}83A8Y - 2T

-A 2aundtyg

—

149



Extent of Herbicide Application

There hes been a steadily increasing pace in defoliation flights
since the first operational employment of herbicides.

In the last two months of 1962, when spray flights first started,
only 60 missions were flown. Only 107 missions were logged in all of
1962 (Pruden, 1966); however, by 1966 over 3,000 sorties were flown
(Bloomington Daily Herald, 1966).

Chemical consumption shows that over 90% of the herbicides sprayed
are systemics (Orange, White or Purple), while considerably less than 10%
has been cacodylic acid for desiccation and destroying rice.

The following tahle shows the approximate extent and distribution
of herbicide application from 1962 to date.

ESTIMATED* AREA HERBICIDALLY TREATED#* IN
SOUTH VIETNAM

Acres Sprayed/Year

Year Defoliation Crop Destruction Total of Both
1962 17,119 717 17,836
1963 34,517 297 34,814
1964 53,873 10,136 64,009
1965 94,726 49,637 144,363
(Jan.-June 1966) (495,637)
1966 775,894 112,678 888,572
(Jan.-Sept. 1967) 843,606 121,400 965,006

Sources: DoD data, contained in various :eleases.

* Not actual land area measurement. Areas were estimated from the
number of sorties flown, calibrated spray rates and average
width of spray swath covered.

** Treated area includes all respraying. Some areas are retreated
annually (or more often if needed); no estimate is available on
the extent of reapplication. The actual area is believed to
be substantially lower than the figures here show.
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VI. TOXICOLOGICAL EFFECTS OF HERBICIDES

A. Introduction

As poiuted out in an earlier section of this report, larger and
larger quantities of herbicides are being applied each year to our forests,
rangelands, rights-of-vay, lakes and waterways, for the management of unwanted
vegetation. Some of these chemicals have been around for a long time and we
know pretty well how they should be handled so as to minimize the risks assoc-
iated with their used. Others of the herbicides are newer and the potential
hazard associated with their use is less well known. Since this report is
oriented toward an understanding of the ecolcgical consequences of using
herbicides, this section on toxicology must take a broad apprcach and present
a judicious selection of information available on all of the living forms
vhich might in some way come into contact either directly or indirectly with
the herbicides. In the case of the chlorinated insecticides such as heptachlor
or DDT, the birds were killed because earthworms concentrated the insecticide
and magnified the concentrations received by the birds. Therefore, wre are
bresenting information on the possible retention and/or accumulation of herbi-
cides in animals, insects, birds, etc. Another subject considered here is the
question of possible carcinogenicity of the herbicides and the likelihood that
at some future date we may experience a large increase in the incidence of
human, animgl or fish cancer as a result of the use of herbicides. The
question of teratology, that science dealing with pathologic changes occurring
during embryonic development, is one for which information is now available
for some of the herbicides and is discussed briefly. Still another area for
concern is the possible human toxicity which may result from skin absorption,
contact with eyes or through inhalation of herbicide aerosols by persons who
may be inadvertently sprayed with them as might occur, for example, during
the defoliation of the forest in Vie‘nam. Since herbicides have been used
both for controlling weeds in crops and also for crop destruction we are
discussing two other toxicity problems (1) the effect of herbicides on the
growth of microorganisms in the soil and (2) the possibility that the herbi-
cides possess mutagenic activity and change the genetic character of the
plants and/or animals. Although complete answers will not be found to all the
questions raised, we have made an effort to pbresent the information which we
believe to be relevant to a thoughtful consideration of them.

For this information survey we have concentrated our efforts on
those herbicides which have found extensive use in noncroplands and these are
listed in Table II-2 along with a brief comparison of their acute oral
toxicity to rats. It is our hope that a consideration of the use-parameters
and toxicities of these herbicides will provide perspective for the reader.
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Section B of this chapter is arranged according to the names of the
individual noncropland herbicides; we have used the recommendations of the
Weed Society of America in the choice of chemical designation and spelling.
Under each individual nerbicide name may be found a brief description of the
toxicity of that herbicide to man (if known), laboratory animals, livestock,
insects, fish and fish food organisms.

Section C entitled, "Effects of Herbicides on Microorganisms,’ could
have been broken down and listed under the individual herbicides in Section B;
however, it seemed more meaningful to have a brief discussion of the general
importance of microorganisms in an ecosystem and to note effects of herbicides
upon them,

In Section D of this chapter will be found an assortment of informa-
tion including: (1) some experiments on the possible mutagenic activity of
the phenoxy herbicides, (2} a report on a change in insect populations from
the use of herbicides, (3) a comparison of the accumulation of herbicides in
a number of fish, (4) a discussion of the relative importance of selecting the
formuletion as well as selecting the herbicide for aquatic weed control, and
(5) some general conclusions reached by an examination of these toxicological
data.

The relative toxicity of herbicides is usually determined by a
comparison of the acute oral toxicities in rats:

Acute Oral Toxicity Lethal Dosage for
Class LDen, mg/kg 150 Pound Man
Highly toxic 50 and below Few drops to 1 teaspoon
Moderately toxic 50 - 500 1 teaspoon to 1 ounce
Mildly toxic 500 - 5,000 1 ounce to 1 pint or 1 pound
Nontoxic Aboave 5,000 1 pint to over 1 quart

Results of toxicological tests often are expressed as the number of
milligrams of toxicant per kilogram of test animal (mg/kg) that will kill
50% of the vest animals (LDg ‘. Effects of toxicants on aquatic animals
resulting from contamination of the water often are expressed as the number
of parts of toxicant per million parts of water (ppm), and mortalities may be
expressed in terms of the median tolerance limit (TLm). The following tabula-
tion gives the equivalent parts per million (in 12 in. of wdter) and
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milligrams per square foot of various rates of application. Some herbicide
applications are very heavy (several hundred pounds per acre) (George, 1960).

Milligrams per Parts per Million in
Pounds per Acre Square Foot 12 in. of Water
0.1 1.0 0.04
0.5 5.2 0.2
1.0 10.4 0.4
2.0 20.8 0.7
5.0 52.1 1.8
10.0 104.1 3.7
100.0 1041.3 36.9
B. Toxicity of Noncropland Herbicides
Amitrole

Amitrole, 3-amino-1,2,4-triazole, was introduced for the defoliation
of cotton and since has been used extensively for the control of weeds and
grasses in noncropland areas. Ite toxicity to man is unknown which, as the
Merck Index (1960) suggests, may be an indication that it is not very toxic.

In a survey of pesticides which have caused human fatalities, Hayes (1967),
listed only these eight herbicides: acrolein, 2,4-D, dalapon, MCPA, paraquat,
sodium chlorate, 2,4,5-T and TCA. Again the absence of amitrole from this list
is indicative of its lack of extreme toxicity to humans. The acute oral
toxicity of amitrole for mice listed by the 'JSDA, Agriculture Handbook 332
(19r7) 1is 5,000 mg/kg. The acute oral toxicity of amitrole in rats as supplied
by the manufacturer and given in the Herbicide Handbook WSA (1967) is 25,000
mg/kg. The results of a two-year feeding study in rats show that it is a
goitrogen which is less potent than thiouracil. This report is in sharp con-
rast to the unpublished report of the Food and Drug Administration that amitrole,
alias awminotriazole, is a carcinogen and produces thyroid tumors in rats (Busi-
Dess Week, 1959a and 1959b). The best explanation available in the open
literature sbcut the "carcinogenesis" of amitrole is the review of Dalgaard-
Mikkelsen and Poulsen (1962) from which we quote:

"No signs of poisoning were seen after intravenous injection
of 1,750 mg/kg to a cat (Shaeffer, 1956), of 1,600 mg/kg to mice
(Shaeffer, 1956), or 1,200 mg/kg to a dog (Weir et al., 1958). A
single intraperitoncal dose of 4,000 mg/kg was tolerated by mice,
whereas 21 doses of 1,000 mg/kg each to rats, distributed over 45
days, produced an increase of the thyroid weight of 328% in males and
410% in females, while at the same time the growth and intake of fecod
were found to be normal (Shaeffer, 1956).
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"In feeding experiments on rats extending over 68 weeks, no effect
was seen on the growth or intake of food at 10 and SO ppm in the diet, as com-
pared with controls, whereas 100 ppm caused a decrease in growth and food in-
take in male rats during the last few experimental weeks. However, in male
rats given 50 ppm the thyroid became enlarged after 13 weeks (Weir et al.,
1958).  Investigations into the effect on the thyroids of rats of two years
of feeding with aminotriazole are stated to have given the following results:
In the control group, there was found one case of cystic follicle with papil-
lary changes, while among the animals given 10 ppm one out of 10 examined
presented adenoma; further, after 50 ppm two out of 15 examined had adenoma
and one apparently adenocarcinoma. Rats given 500 ppm of aminotriazole in the
diet for 17 weeks, which were then retained on a diet free of the compound for
two weeks prior to sacrifice, appeared to have normal thyroids at the time of
sacrifice (Jukes and Shaeffer, 19G0).

"The observation that rats fed with 100 ppm of the compound for two
years 'developed a significant aumber of thyroid adenomas and adenocarcinomas,'
as well as the demonstration of residues of aminotriazole in marketed cran-
berries (Science, 1959), caused prohibition of sale of cranberries and cran-
berry products of the 1958 and 1959 crops from certain parts of the United
States. Furthermore, it resulted in an official announcement from the
Secretary of Health, Education, and Welfare that the reason for the prohibi-
tion was 'possible contamination by a chemical weedkiller, aminotriazole, which
causes cancer in the thyroid of rats' (Flemming, 1959). In the ensuing dis-
cussion, doubts were raised as to whether the marked antithyroid action of
aminotriazole can justly be characterized as carcinogenic (Astwood, 1960, and
Jukes and Shaeffer, 1960).

"The mechanism of the antithyroid action of aminotriazole seems, on
the basis of experiments on rats, to be identical with that of thiouracil
derivatives (Alexander, 1959a and Jukes and Shaeffer, 1960) . The absorp-
tion of 1131 by the thyroid is depressed in both rats (Alexander, 1959a) and
humans ( Astwood, 1960}, because its incorporation as organically bound iodine
is obstructed (Alexander, 1959a). TFollowing injection of aminotriazole, a
reversible inhibition has been noticed of the catalase activity in thyroid
tissue (Alexander, 1959a) as well as in kidney and liver tissues (Hein et al,,
1955, Hein et al., 1956, and TepHly et al., 1961) , However, to obtain a
definite inhibition of the catalase activity, larger doses of aminotriazole
are required than are nccessary to depress the absorption of 1131 by the thyroid
(Alexander, 1959a). Hence, inhibition of catalase activity can hardly account
for the antithyroid action. Studies, in vitro, using purified catalase pre-
parations from liver and red blood corpuscles, have under special experimental
conditions shown irreversible inhibition (Margoliasch and Novogrodsky, 1958) .
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" However, the results of experiments with thyroid tissue suggest that
inhibition of thyroid peroxidase is the essential factor (Alexander,
1959b), a hypothesis that is borne out by the results of experi-
ments with peroxidase from milk and vegetable tissue, which are like-
wise inhibited by aminotriazole (Castelfranko, 1960). It should be
added, however, that the question has not yet been clarified, since
enzymes that are active in the purine metabolism of bacteria are
6lso inhibited, in these cases reversibly by aminotriazole; this
observation is utilized experimentally (Rabinowitz and Pricer,

1956, and Weyter and Broquist, 1960)."

A. J. Lehman (1965), Director of Pharmacological. Research at the
Food and Drug Administration, has prepared the following general statement about
the appraisal of safety of chemicals in food, drugs and cosmetics. He. states,
"the time of appearance of tumors is important in the assesament of carcino-
genicity of a compound. Substances that induce tumors in young animals are
considered highly carcinogenic while those inducing tumors after one year or
in the last month or two of a lifetime feeding study are of lesser significance.
Most spontaneous tumors appear in rats after one year of age."

Napalkov (1963) conducted prolonged treatments of rats with 3-amino-
1,2,4-triazole and thiouracil and obtained precancerous lesions. When these
treatments were combined with goitrogens and androgens stress accelerated
the appearance of nevplasms while estrogens delayed them. We are inclined to
agree with Jukes and Shaeffer (1960) that the term "carcinogen" probably should
not be applied to amitrcle since the effects on the thyroid are reversible
when the treatment is discontinued and since we do not consider antithyroid
compounds normally occurringin the diet as carcinogenic.

Studies on the toxic effects of amitrole on mallard ducks have been
conducted at the Patuxent Wildlife Research Center. First experiments indicate
that the LDgp is probably greater than 5,000 ppm (unpublished findings of
Dewitt and Menzie cited by George, 1960).

Fang et al. (1964) have conducted & study on the metabolism of 5-¢15
amitrole fed to rats. During the first 25 hr 70 to 95.5% of the radio-
activity was found in the urine which contained two radioactive metabolites
in addition to the amitrole. Liver was shown to be site of metabolite-1 forma-
tion and the rate of elimination of this metabolite was much slower. There was
no accumulation of amitrole in the fatty tissues.

C. E. Bord has studied the toxicity of various herbicides to fish and
reported these at a seminar on "Biological Problems in Water Pollution," which

is cited in a review by Lawrence (1962). Largemouth bass were able to tolerate
1,000 pprm of amitrole in an aquarium for 48 hr but this same concentration in
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a running stream killed all of them during a six-day test. At a concentration
of 82.5 ppm the largemouth bass were able to survive for 14 days. The median
tolerated limit for Coho salmon wes 325 ppm for 43 hr. It is judged therefore
that amitrole is not toxic to fish at the levels which are likely tc be en-
couqtered in aquatic weed control,

Crosby and Tucker (1966) report that at 23 ppm amitrole immobilizes
Daphnia magna while the recommended level of use in ponds and lakes is < 10 ppm.
They suggest, however, that this herbicide may significantly influence the
abundance of this organism for use as food for fish. .

The effect of amitrole on soil microorganisms is probably slight
since microbial attack in warm moist soil is an important method of its dis-
position. Kaufman (1966) has reported that by means of soil enrichment tech-
niques it is possible to develop a culture of microorganisms which destroy
dalapon very rapidly. The addition of 5 to 100 ppm of amitrole greatly de-
creasesthe rate of decrease of dalapon. In the reverse situation dalapon does
not affect the rate of removal of amitrole from the soil.

Amitrole-T is a mixture of amitrole and ammonium thiocyanate which
is very effective in the control of certain aguatic weeds such as water hya-
cinths. The acute oral toxicity of ammonium thiocyanate in rats is 750 mg/kg
(Herbicide Handbook WSA, 1967) . The toxicity of the mixture is thought to be
about the same as ammonium thiocyanate.

In spite of the "cranberry scare" this writer is of the opinion that
amitrole has not been proved to be carcinogenic and its use does not represent
any unusual hazard. In fact it appears to be one of the least toxic of the
herbicides now in use. The toxicity of amitrole to those fish which have been
studied appears to be unusually low.

Atrazine

2-Chloro-4-ethylamino-6-isopropylamino-s-triazine or atrazine is
much like simazine chemically but it is more effective in the control of some
plants such as horsetail, Indian hemp, prickly lettuce, yellow nut grass, rush,
sedge and Canada thistle (Dunham, 1965). Geigy Agricultural Chemicals,
Division of Geigy Chemical Corporation,has supplied the following information
on the toxicity of atrazine (Herbicide Handbook WSA, 1967): No case of human
poi.soning from the ingestion of atrazine has been reported. The acute oral
toxicity to rats is LDgg = 3,080 mg/kg and in mice is 1,750 mg/kg. Two-year
feeding studies with both male and femcle rats fed various levels of atrazine
in the diet (up to 100 ppm) showed no gross or microscopic changes due to the ==

atrazine.
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Toxicity studies with atrazine in sheep and cattle were conducted by

Palmer and Radeleff (1964). Sheep died after two daily doses of 250 mg/kg,

16 daily doses at 100 mg/kg and 199 doses at 50 mg/kg. Cattle succumbed to

two daily doses of 250 mg/kg each. The animals which died showed signs of com-
pound degeneration and the observed discoloration of the adrenal glands was
most remarkable. ILungs, liver and kidneys were heavily congested and undi-
gested food was found in the rumen. No deaths or toxic symptoms resulted from
a 1 hr exposure of rats to an aerosol of Atrazine 8W (80% atrazine as a wett-
able powder). The atrazine concentrations ranged from 1.8 to 4.9 mg/liter

of aerosol (Herbicide Handbock WSA,1967).

Toxicological investigations conducted with bobwhite,quail and
mallard ducks, have shown atrazine to have a very low toxicity to these species.

Norris et al. (1967) harvested deer at various time intervals follow-
ing the application of atrazine to forest lands for grass control, Various
organs and body tissues were removed, Results are given for turee animals
harvested from two different treatment areas.

Tissue Organ Statement
Blood Less than 12 to 77 ppb*
Brain Less than 48 ppb
Feces From less than 96 to less than 360 ppb
Heart From 15 to 76 ppb
Kidney 13 to 60 ppb
Liver 25 to 7S ppb
Meat From less than 22 to 36 ppb
Spleen From 24 to less than 48 ppb
Stomach Contents From 178 to 3,453 ppb
Thyroid Less than 200 »pdb
Urine Less than 60 ppb

* ppb = parts per billion.

They found no atrazine residues greater than 76 ppb in portions of
the animal which are normally used for human consumption. The length of
persistence of the chemical in these tissues is not clear. "The likelihood
of encountering dangerous residues of atrazine in tissues of importance for
human consumption appears low."

Unpublished results of R. 0. Jones on the effect of atrazine on the
survival of the fry of common warm-water fisres to some chemicals employed in
fish culture has been cited by Lawrence (1964). Largemouth bass, channel cat-
fish and bluegill fry tolerated 5, 10, and 1O ppm of atrazine, respectively, for
96 hr.
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In studies of herbicides for aquatic use, Walker (1964) applied
atrazine at rates varying from 0.2 to 6.0 ppmw for the control of filamentous
algae. During these studies, there was no observed fish killed even though
he concluded that atrazine is about twice as toxic as simazine: LDgy for sun-
fish = 10 ppm, LD10 = 5 ppm.

Atrazine also proved to be somewhat toxic to bottom fauna as judged
by an approximately 50 percent drop in total numbers of organisms and also in
the total weights of organisms: Mayflies (Ephemer~ptere) caddis flies (Zﬁl'
coptera), leeches (Hirudinea) and gastropods (Misculium).

We conclude that there is not likely to be much acute animal toxicity
from the use of atrazine. However, the decrease in numbers of fish food
organism may reduce the numbers of fish in areas where fish movement to new
feeding grounds 1is restricted.

Boron Compounds

The sodium salts of borate, metaborate, tetraborate and pentaborate--
but particulerly the tetraborate--are used as nonselective soil sterilants or
in combination with other herbicides such as monuron, bromacil, TBA, fenuron,
diuron, 2,4-D and sodium chlorate. Often the rates for application of these
borate mixtures are very high and may reach 1,000 to 3,000 1b/acre (Klingmen,
1961). The acute oral toxicity to rats is 5 560 mg/kg (hydration not speci-
fied) (Herbicide Handbook WSA, 1967). Borax used as a herbicide or soll steri-
lant has not been a hazard to livestock or wildlife (Rowe, 1951).

Bromacil

The herbicidal activity of 5-bromo- 3-sec-butyl-3-methyluracil, broma-
cil, was first reported by Buche et al. (1962), and since that time has gained
acceptance for use on noncroplands for the control of both grasses and broad-
leaf weeds. Hilton et al. (1964) and Hoffmen et al. (1964) have shown it to
be a direct inhibitor of photosynthesis and that it acts at the chloroplast
level. We have found no reports of human fatalities resulting from the use
of bromaecil; this is not surprising in view of the low acute oral toxicity
in rats, namely, LDso = 5,200 mg/kg (Herbicide Hendbook WSA,1967). In tests
on the intact and abraded skin of guinea pigs, a 50% aqueous suspension of the
80% wettable powder was mildly irritating to the skin of young animals but
more irritating to the skin of older animals. It did not prcduce allergic skin
sensitization.
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Palmer (1964 ) studied the oral toxicity of six differexzt herbicide
formulations in female sheep and observed that one sheep given five daily doses
of 250 mg/kg of bromacil showed severe toxic symptoms including lameness and
incoordination but survived. In a second sheep given 11l daily doses of 100
mg/kg of bromacil it lost 10% of its weight but otherwise appeared normal; it
regained the lost weight upon termination of the treatment.

The question has been raised sbout the possible mutagenic activity
of bromacil because of its structural similarity to S5-bromouracil which is
readily incorporated into cellular deoxyribose nucleic acid and which is a
mutagenic agent. Studies by McGehen and Hoffman (1963 and 1966 ) showed that
bromacil does not induce a reversion of AP72 phage in the presence of thymine
primed Zscherichia coli and that bromacil is not incorporated into the DNA.
These findings show that mutagenicity does not appear to be characteristic of

“bromacil.

Based on a consideration of application rates between 1.5 and 24
1b/acre we do not now foresee any toxicity problems due to direct toxicity to
humans or animals.

Cacodylic Acic

Dimethylarsinic acid or cacodylic acid is a newcomer to the herbicide
rield although the chemical has been around for many years. It is useful as a
desiccant causing leaf-drop zid Tor the killing of certain hardwood species,
The recommended application rate is 22 1lb. acid equivalent (ae) per acre but
in some cases rates up to 50 lb/acre have been employed (Crafts, 1961) for
soil sterilization (99% kill after 1.5 months at the highest level). The
present paragraphs are devoted to an evaluation of the potential hazard as-
sociated with the use of this material as an aerial spray or by the other
common dissemination methods. Commercial cacodylic acid is a white crystalline
material which is readily soluble in water but is frequently obtained mixed
with sodium chloride or dissolved in water. Depending upon the formulation
chosen it may contain from 25 to 77% cacodylic acid (acid equivalent); there-
fore, attention must be paid to the label statement showing the cacodylic acid
content or its eyuivalent in the case of formulations contalning the sodium
salt of cacndylic acid. During manufacture an attempt is made to minimize
the content of trivalent arsenic as its presence increases the toxicity of the
final product to animals. The material designated as "blue" by the military
agencies contains 65% cacndylic acid (Brown, 1962 )* and less than 0.1% tri-
valent arsenic.

* The Ansul Chemical Campany reports that currently '"blue" consists of
sodium cacodylate at 3.1 lb. acid equivalent/gal.

159




Sollman (1950) describes cacodylic acid as a material which has 'i
medicinal properties similar to those of inorganic arsenic "to which it is
partly reduced in the body." Since the reduction is slow the toxicity is re-
duced but the effects last longer. Preliminary experiments by Peoples {1964 )
are contradictory and indicate that no reduction to trivalent arsenic occurs 1
since administration of cacodylic acid to cows followed by analysis of tissues
showed only the pentavalent arsenic to be present. However, since cacodylic
acid is reported to be a methyl donor in transmethylation processes (Ciusa and
Barbioli, 1963), one should not be surprised to find in vivo metabolites con-
taining only one or neither of the methyl groups. Cacodylic acid, especially
when given by mouth, imparts a garlic odor to the breath, sweat, and urine.
The dosages which have been given to humans as pills or as hypodermic injec-
tions vary from 0.025 to 0.15 g/day; Sollman adds, however, that cacodylate
is not effective in the chemotherapy of syphilis, bacterial or parasitic in-
fections.

The toxicity of cacodylic acid in humans is not known but workers in
the Ansul Chemical Company plant have had repeated exposures over long periods
of time. Ansul says that their experience confirms the cbservations on rats
that the toxicity of these compounds is "relatively low" (Stevens, 1966 ).

Acute oral toxicity studies of cacodylic acid in rats have shown that
the Liz, for male rats (1,400 mg/kg) is about the same as the LDg, for the
femais rats (1,280 mg/kg). A combination of these data provides a figure of
1,350 mg/kg with 95% confidence limits falling between 1,110 and 1,640 mg/kg
(Ansul Chemical Company, 1967). It should be noted that this toxicological
study was performed with Ansul Chemical Company's commercial product contain-
ing 61.29% of cacodylic acid, 33% sodium chloride and 0.09% trivalent arsenic.
This product appears to be identical to Ansar 138 (Ansul Chemical Company,
1964 ). In Table VI-1 will be found & listing of the acute toxicities of sev-
eral commercial rormulations of cacodylic acid herbicide products. The re-
sults bear no simple relationship to the amount of cacodylic acid each con-
tains. Meliere (1959) reports that acute oral toxicity of pure cacodylic
acid to male rats is greater than 184 mg/kg and that no deaths occurred at
this dose level.

Albino rabbits were used in a study of the dermal irritation proper-
ties of cacodylic acid (77%). In this study the acid was applied to both in-
tact and abraded skin in the amount of 0.5 ml or 0.5 g/area and covered with
gauze and rubberized cloth for 24 hr and 72 hr. By this test the cacodylic
acid was found to be essentially nonirritating to the skin. The same result
was obtained when a commercial formulation containing 61.29% cacodylic acid
was used (Ansul Chemical Company, 1967).

Fye irritation tests of cacodylic acid, 20% w/v solution in water,
were made by application to the eyes of New Zealand White rabbits and observing
the cornea, the iris and the conjunctivae for a total of 72 hr. There was no
opacity of the lens and the mild irritation which developed Quickly cleared
with no permanent damage to the eye. It was judged that this material would
be essentially nonirritating if accidently splashed into the eye (Ansul
Chemical Company, 1967).
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The subacute toxicity of cacodylic acid in weanling male Sprague-
Dawley rats was determined by means of a 90-day feeding test in which 10, 20
and 40% of the IDsp dose of cacodylic acid was mixed with the feed. In this
case the amounts of material actually incorporated into the feed were 0.07,
0.14 and 0.28% cacodylic acid. Records were kept of the total food consumed
and the body weights of the rats during the experiment. At the highest level
(0.28%) 2 of the 10 animals died and the weight gain was less than half that
of the control., These animals exhibited a reduction of spermatogenesis and
early atrophic changes within some seminiferous tubules. One animal showed sone
early degeneration of the hepatic cells. The rats receiving the 0.14% cacodylic
acid in their diets gained a little less weight than the controls but showed 1o
gross pathological conditions ( Ansul Chemical Cowpany, 1967).

A 60-day feeding test on the metabolism ' cacodylic acid (Ansar
138) in dairy cows was conducted (Ansul Chemical Company, 1964 and 1967) .
Two holstein milk cows were fed a diet of ground barley, wheat bran and cotton-
seed meal containing 10 ppm of cacodylic acid. This resulted in a daily intake
of 24.5 mg/kg/cow. In another group of cows an equal weight of arsinic acid
was fed to the cows. The milk from both groups of these cows was analyzed
and found to contain no arsenic during the entire test period. The excretion
of arsenic is primarily by way of the urine and a balance between intake and
output is present after 30 days of feeding. At the end of the experiment.,
the cows were sacrificed and 10 tissues and bone were analyzed for arsenic.
It was concluded that no tissues stored arsenic compounds on a cunmlative basis
even though fractional parts per million of arsenic were detected in the liver,
spleen and pancreas. The differences in arsenic content of the organs from
the cows fed cacodylic acid and those fed arsenic acid were insignilicant
(Ansul Chemical Company, 1967 and Peoples, 1964).

K. H. Oliver (1966) has done an ecologicel study of the effect of
cacodylic acid epraying on five ecotones including the sandhill community,
the hammock, the grassland, the pond, and the stream. Unfortunately, his
observations on the effect of cacodylic acid on fish were done in the laboratory
rather than in the field. In these studies he exposed Gambusis addinis
(mosquito fish), Notropis maculatus (tail-light shiner) and Micropterus
salmoides (largemouth black bass) to concentrations ranging from 100 to
10,000 ppm of cacodylic acid for periods up to 72 hr. All three species of
fish survived the 100 ppm level for this period. Although there were some
deaths of the Gambusie at lower doses, 172 out of 20 survived 631 ppm for 72
hr. Five out of 10 of the Notropis survived exposure to 631 ppm for 72 hr.

In a similar experiment with tadpoles (Oliver, 1966) it was shown
that tadpoles (Bufo terrestris) survived the 100 ppm level for 48 hr and all
died at this time period at 1,000 ppm. Oliver suggests that since the LDgg
of rabbits is 250 mg/kg that they might be killed by eating vegetation which
had been sprayed but no evidence of such poisoning was presented.
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Conamany

In Section C of this chapter (p. 198), we state that the effect of
herbicides on the microorgenisms in the soil could be important in the mainte-
nance of soil fertility, the growth of leguminous crops, and perhaps the inhi- :
bition of pathogenic organisms in the soil. Zabel and O'Neil (1957) have
reported on the relative toxicity of 44 arsenicals against common slime-forming
microorganisms by a petri plate method. The test organisms were %wo bacteria,
Acrobacter aerogenes and Bacillus mycoides and two fungi, Aspergillus niger and
Penicillium expansum. Methylarsonic acid and cacodylic acid were inhibitor) to
these organisms at concentrations of 2,000 ppm. Arsenic trioxide (100 to
240 ppm) and arsenic pentoxide (270 and 620 ppm) both inkibited bacteria but
vere relatively ineffective inhibitors of the fungi. It was concluded that
the arsenic trioxide was the better bacteriostatic agent.

Various organizations in the beekeeping industry are much concerned
about the possible hazard resulting from the use of pesticides particularly
with their use on those crops which form the basis of the bee forage. The con-
cern stems from the possible presence of toxic material in the bloom which
may kill or incapacitate the bee and also the elimination of many of the
wild flowers which are also a source of food. The chlorinated insecticides
have given much tee toxicity in both laboratory and field tests while most of
the herbicides have not. The arsenicals, dinitro (especially DNOSBP*) and
endothall weedicides have been shown to be highly toxic to bees (Washington
State University, 1965) . Bohmont ( 1967) has locked over the literature on
the toxicity of herbicides and is also concernel about the arsenicals and
dinitro compounds; however, he states, "the current aquatic weed control treat-
ments are probably not hazardous to honey bees collecting water from irriga-
tion ditches."

Bark beetles have been inhibited by cacodylic acid., Chansler and
Pierce (1966) did a careful study on the effect of cacodylic acid solution
injections into trees possessing large infestations of bark beetles. The
solutions contained either 3,25 or 5.7 1lb. of cacodylic acid per gallon and
about 150 ml/tree was injected into the sap of each tree. The trees died but
so did 84 to 99% of the bark beetles; the author suggests this procedure as a
possible method of controlling this beetle.

Bio-assay screening tests on the toxicity of cacodylic acid (65%
active) were conducted by the Bureau of Commercial Fisheries Biological
Laboratories (Bureau of Commercial Fisheries , 1966) . They showed that cacodylic
acid at 40 ppm has no effect in 48 hr. on pink shrimp (Penaeus duorarum),
eastern oyster (Crassostrea virginica) or longnose killifish (Fundulus similis).

Arsenicals, particularly the trivalent forms of arsenic, have long

been considerec as either carcinogens or possibly as co-carcinogens. In
either case there is reason to be wary of the widespread distribution of these

* Diﬁitro-o—(sec-butyl)~phenol.
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materials until evidence of their long-term safety under the conditions of

use has been obtained. S. S. Pinto and B. M. Bennett (1963) believe that it
is a mistake to make blanket condemnations of the use of arsenic without first
looking at the data. He has reviewed the early literature on human tumors
from arsenic and also the recent opinions and interpretations of these early
papers. There is reason to believe that the "arsenic tumors" observed in 1820
may have been due to other causes such as selenium Poisoning. He reviewed the
medical histories and causes of death for the long-term employees of a copper
smelting company producing arsenic trioxide. He showed that the workers do
excrete high levels of arsenic but that their incidence of cancer is no greater
than for other persons in the State of Washington. He concluded that there is
no evidence that exposure of these workers to arsenic trioxide is a cause of
systemic cancer in humans. In a sense this amounts to the use of human guinea
Pigs for establishing the lack of carcinogenicity of arsenic trioxide.

Peoples (1964) and Ehman (19€4) are individuwls who believe that
arsenicals as a class are much maligned without due cause. They point out
that no arsenic is excreted in the milk of a cow whether the arsenic adminis-
tered is in the form of arsenic acid, sodium arsenite, or cacodylic acid.
They conclude that the metabolism of arsenic in the rat is unique and suggest
that we should revise our present thinking of arsenic as a cumulative poison,
"The evidence linking arsenicals to cancer in industrial applications is
almost nonexistent,"(Ehman , 1964).

There is, however, evidence that cacodylic acid is a mitotic poison
in mammalian organisms since King and Ludford (1960) have found that injections
into mice preduced "profound disturbances of cell division" and it "stimulated
mitosis in cells of the crypts of Lieberkuehn" and of transplanted tumors.

That cacodylic acid is considered to be a teratogenic agent producing
abnormalities during embryonic development is shown by the fact that there
arc several references to this type of action although only two examples are
qQuoted. Salzgeber (1955) observed teratogenic effects in 10-day chick embryo
genital organs cultured in vitro and has reported that the greatest damage is
to the cortical region. Rostand (1950) has treated tadpoles of Rana temporia
with solutions of cacodylic acid for three weeks when the hind legs were in
the process of development and abnormalities were observed at 0.01% of sodium
cacodylate, (This concentration is 100 pru and is equivalent to 270 lb/acre ft
of water)

In the examination of the potential tcxicity hazard for this compound,
we were particularly impressed by the low oral toxicity. In view of the absence
of long-term feeding studies or of reproduction studies, we feel that these
should be undertaken soon, Additional research into cacodylic acids' possible
teratogenic acitivity and carcinogenic activity should be undertaken.
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According to Dr. Warren Zick (1967) of the Arsu Chemical Company,
cacodylic acid is appiied at the rate of 0.5 lb/acre for .he destruction of
rice crops. The presence of toxic residues on rice from sprayed fields appears
not to be a problem since no rice develops in these fields.

Dalagon

2,2-Dichloropropionic acid is better known as dalapon and it is
usually formulated as the sodium salt which contains about 85% active ingredient
or 74% based upon acid equivalent. It is used principally for the control of
grasses but it is also effective ageinst jack and white prine, phragmites, rushes
and white cedar. It is frequently used in combiznation with a broadleaf killer
such as 2,4-D. According to toxicity data supplied by the Dow Chemical Cumpany
(Herbicide Hendbook WSA, 1967) the acute oral toxicity of dalapon is as fol-
lows:

Rat (M) 9,330 mg/kg
Rat (F) 7,570 mg/kg
Mouse (F) > 4,600 mg/kg
Guinea Pig (F) 3,860 mg/kg
Rabbit (F) 3,860 mg/kg
Chick (M + F) 5,660 mg/kg

Studies on the subacute and chronic toxicities of daiapon have been
conducted. A heifer calf was fed 1,000 mg/kg/day for 10 days; there were
general nonspecific symptoms but the calf recovered after cessation of the treat-
ment. A bull calf was treated with 1,000 mg/kg for 10 days with no apperent
symptoms; autopsy of this calf showed possible slight kidney involvement.
Administration of S0 mg/kg,of dalapen to dogs for five days a week was con-